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SUMMARY 


A st\idy has been made to provide improved performance for 
the Transonic Dynamics Tunnel (TDT) at the Langley Research Center, 

The major effort was directed to obtaining increased dynamic pres- 
siire in the Mach number range from 0.8 to 1.2, but methods to increase 
Mach number capability were also considered. 

Methods that were considered to improve tunnel performance 
included the following: 

Increased Dynamic Pressure 

A. Operate the tunnel at higher total pressiore. 

1. Increase tunnel drive system power. 

2. Increase tunnel shell pressure capability. 

B. Provide an auxiliary compressor system operating on the 
test section pleniom. 

C. Improve the performance of the tunnel circuit by reducing 
losses. 

D. Greatly reduce the temperatirre of the test medium. 

E. Reduce the size of the test section. 

F. Substitute a better high molecular weight fluid for Freon-12. 

Increased Mach Number 

A. Provide nozzle block inserts. 

B. Provide a variable geometry nozzle. 

C. Change the test section wall configuration. 

D. Provide an auxiliary compressor system for test section 
plenum ventilation. 
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The most economical approach for obtaining a large increase 
in dynamic pressure was found to be by increasing main drive power. 

A large increase can be obtained by rewinding the drive motor and 
making certain other accompanying modifications at relatively modest 
costs. However, to provide larger increases would require the instal- 
lation of a new drive and tunnel compressor system as well as addi- 
tional circuit cooling and tunnel pressurization. This latter method 
has the disadvantages, as compared to an auxiliary compressor system 
which was studied extensively, of requiring a rather long tunnel 
downtime to effect the modifications. None of the methods examined 
for increasing Mach number above Mach 1.2 appeared to offer much 
promise of success in the TDT. 

It has been concluded that the TDT was well designed at the 
time it was built, considering the limitations that were undoubtedly 
imposed on space and cost. Advantage appears to have been taken of 
nearly all methods to gain maximum performance with minimum expendi- 
ture. Such conditions make methods for significant improvement in 
performance very costly. 
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I INTRODUCTION 


The transonic dynamics tunnel (TDT) at Langley was designed 
to fill the need for transonic testing of dynamic models of large 
size in order to permit simulation of structural properties of air- 
craft or spacecraft. Aeroelastic testing in the facility includes 
the study of flutter, aerodynamic loads, and input response. The 
Langley TDT is a large, continuous-flow, variable density, single 
return tunnel powered by a 20,000 hp main drive compressor. The TDT 
Was rebuilt into its present configuration during the 1955-1960 
Period from the original 19-foot Pressure Tunnel which had a pres- 
sure capability of 2.5 atmospheres. Tunnel performance is limited 
in the transonic range by the main drive power and at lower speeds 
by currently- imposed tunnel shell pressurization limits of 2500 psfa. 

The tunnel operates using either air or Freon-12 (dichloro- 
dif luoromethane ) as a test medium. The tunnel is operated about 90^ 
of the time with Freon-12 of about 95^ purity. This provides a high 
iiiolecular weight gas with a speed of sound about one-half that of 
Sir. Freon -12 has advantages in aeroelastic research of providing 
higher dynamic pressure and permitting closer simulation of Froude 
and Reynolds numbers for a given amount of drive power, of simpli- 
fying model construction by reducing the natural frequency and 
increasing the allowable weight for model scaling, and of simpli- 
fying data readout because of a slower time scale. 

A progressively larger gap has been developing between the 
dynamic pressure and Reynolds numbers existing on aircraft during 
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flight and those available on models during wind tunnel tests. This 
gap results from the fact that each successive generation of aircraft 
is generally larger and faster than its predecessor, whereas very 
little progress is being made in providing larger or higher pressure 
tunnels. Extrapolating these effects has always been a major problem. 
The situation has been particularly disquieting at supercritical Mach 
numbers where trends to assist in the extrapolation cannot be estab- 
lished. Greater dynamic pressure and Reynolds number capability in 
this and similar wind tunnels woiold greatly alleviate the problem. 

Because of its Freon-12 capability, it is very desirable 
to increase the performance of the Langley TDT. Accordingly, a study 
was initiated in J'une, 1972 to develop technical Information and to 
mahe recommendations regarding modifications to the TDT. It is 
desired to obtain maximum improved performance within the constraints 
of minimum alteration to the tunnel basic shell and main compressor, 
and minimum tunnel downtime. The results of this study are presented 
herein. 
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II EXISTING FACILITY PERFOHVANCE 


A. FACILITY DESCRIPTION AND CAPABILITY 

The Langley TDT is a continuous-flow tunnel which operates 
from Mach n\unbers of 0.1 to 1.2, at stagnation pressures from 30 to 
2120 psfa, at stagnation temperatures from 70 to 130°F, and with 
either air or Freon-12 as a test medium. An extensive description 
of facility components, test equipment, and performance capability is 
illustrated in Langley Working Paper LWP-799 dated September 23, 1969. 
The basic limitation on dynamic pressure is imposed by available 
power. Additionally, the performance is limited by tunnel cooling 
capability, the fan and its drive structural capability, and at lower 
Mach niirabers by the t^lnnel circuit pressure capability. 

The TDT main drive is designed to deliver 20,000 hp in either 
of two speed-ranges as required for air and Freon-12 operation. The 
system is also capable of limited operation at 115^ and 130^ of rated 
load with air and Freon-12, respectively. For this study, the normal 
rated power performance was selected for comparative purposes. It was 
assumed that comparable Increases in performance resulting from 
overload operation and/or drive power rating above the nominal quoted 
could be obtained with the recommended modes of modification. The 
maximum dynamic and total pressures which are available in the TDT at 
normal rated power are illustrated in Figure 1, Appendix B. 
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B. CIRCUIT PRESSURE-LOSS INVESTIG/ITION 
1. Circuit Performance Evaluation 

Wind tunnel ducting elements produce friction and momentum 
losses which impose the loads on the tunnel main drive and cooling 
system. Common measures of wind tunnel design are energy ratio and 
the power per unit area at a pressure of one atmosphere and a tem- 
perature of 60°F. The main drive shaft horsepower requirements for 
the Langley TDT and several other large-scale wind tunnels, all of 
which operate with air as a test medium, are illustrated in Figure 2. 
The TDT performance presented in Figure 2 was scaled from the per- 
formance presented in Figure 1. 

The data in Figure 2 indicates the low power requirements 
for Freon-12 operation. In addition, the data indicates that with 
air as a test medium the TDT requires more horsepower than the other 
two NA.SA tunnels. It is suspected that the poor TDT performance 
results from higher tunnel losses and perhaps a lower fan efficiency. 
Considering that the TDT was rebuilt from the Langley 19-foot tunnel, 
it is reasonable to assume that compromises of the various ducting 
elements with associated higher losses could not be avoided. In the 
Mach number range from 0.8 to 1.2 which is the primary interest of 
this study, the high tunnel losses can probably be attributed to 
utilization of diffuser flap suction, first diffuser flow separation 
and high velocity at the first two comers. Because no loss measure- 
ments have ever been made for the TDT detailed investigation of cir- 
cuit losses was included in this study. 


4 


A preliminary evaluation of circuit components was obtained 
by making pressure loss calculations assuming a test section Mach num- 
ber of 0.70, a total pressure of 500 psfa, and air as the test medium. 

Conventional techniques for computing wind tunnel ducting 
losses and preliminary infoimation with regard to the TDT physical 
characteristics were utilized. The relevant assumptions, supporting 
equations and summaries of the engineering computations are presented 
in Appendix C. A tunnel layout which indicates the various ducting 
elements for which computations were made is presented in Figure 3. 

The section number is at the upstream end of the ducting element. 

The results of these preliminary loss calculations are pre- 
sented in Figure 4. The data in Figure 4 indicate that several ducting 
components may be considered as high loss elements. The highest loss 
was indicated to occur in the test section; however, the friction loss 
coefficient was somewhat arbitrarily assumed. Based on this prelimi- 
nary work to determine the TDT circuit pressure losses, the following 
conclusions were made: 

a. For most tunnel components, the analytical procedures 
provide a good indication of the element pressure loss. However, the 
losses for such elements as the test section, the diffuser flaps, and 
the first diffuser can best be determined by experimental means. Con- 
sequently, the conduct of a pressure loss test in the Langley TDT was 
recommended. A discussion of the test program is presented in Appen- 
dix D. The test was considered particularly important since it was 
believed prudent to base possible recommended circuit modifications 
upon experimental results. 
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"b. To provide optimum perforaiance, a subsonic diffuser 
should have an area ratio of at least 4.0. Although the installed 
angle (6.5°) of the west leg diffuser is considered satisfactory, the 
diffuser area ratio is only 2.8, if one selects Station 80 as the 
diffuser entrance. This would indicate that the west leg diffuser 
is about 68 feet too short to provide a good pressure recoveiy. 

c. For the assumed conditions, the calculated fan com- 
pression ratio of 1.075, which corresponds to a circuit pressure loss 
of 35.4 psfa, was lower than expected. This indicated that the TDT 
performance might also be inhibited by poor fan performance, i.e., 
low fan efficiency. For this reason, it is recommended that an attempt 
be made to measure the fan efficiency during the TDT pressure loss test. 

2 . Circuit Pressure Losses 

Because of higher priority test programs for the Langley 
TDT, it became impossible to schedule the recommended pressure loss 
test within the contract period of this study. Without the experi- 
mental data, the need for additional circuit pressure loss calculations 
arose. These data were needed to indicate if any minor circuit com- 
ponent modifications would provide significant increases in tunnel 
performance. In addition, the data were needed to aid the evaluation 
of an auxiliary compressor system for plenum ventilation. 

The loss-calculation procedures and the basic tunnel layout 
(see Figure 3) have been previously discussed. Several significant 
changes for these additional calculations were made. These include: 

(1) the breakup of the east leg annular diffuser into two loss ele- 
ments by addition of Section la at Station E132, (2) the inclusion of 
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the safety screen which is installed at Corner B (see Appendix C), 

(3) the reduction of the assumed test section friction loss coefficient 
hy a factor of two, ( 4 ) the assumption that for Jfech numbers greater 
than 0.70, the west leg diffuser flow is separated, (5) the inclusion 
of a fictitious Section 9a to account for shock and flap losses (the 
associated engineering analysis and the resulting loss coefficients 
for various Mach numbers are presented in Appendix C), and (6) the 
utilization of updated information with regard to the tunnel physical 
characteristics (these data are presented in Table I). 

The pressure loss calculations were made for both air and 
freon operation at Mach numbers of 0 . 4 , 0.7, 0.9, 1.0, 1.1, and 1.2 
assuming near maximum power test conditions. The initial conditions 
for the loss calculations are a function of the fan compression ratio 
and efficiency, and the backleg pressure losses. The initial condi- 
tions, which are presented in Appendix C, were determined utilizing 
the best available data and assumed values as required. 

An assessment of the pressure loss calculations can be 
obtained by comparison of calculated and known fan compression ratios. 
The fan compression ratio is, of course, that corresponding to the 
total circuit pressure loss. Although doc;imentation of the TDT fan 
compression ratio was not available, some unpublished data provided 
by NASA during October 1972 were utilized to obtain an indication of 
the TDT fan compression ratio with air as a test medium. Considering 
that the higher density of freon results in lower friction losses, the 
TDT fan compression ratios for operation with freon were estimated to 
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be 80 percent of those for air. These data are considered to be the 
best indication of the TDT fan compression ratios. A comparison of 
these data with the results of the pressure loss calculations is pre- 
sented in Figure 5. The data in Figure 5 indicates that the pressure 
loss calculations produce reasonable results. 

A summaiy of the pressure loss calculations is presented in 
Tables 2 and 3. A discussion of the data presented as well as the 
distribution of total pressure and IVIach number around the circuit is 
included in Appendix C. 

The pressure loss of each circuit element in percent of 
total pressure loss is presented in Figures 6 and 7 for Mach numbers 
0.4 and 1.0, respectively. These data indicate that only eight cir- 
cuit elements should be considered for possible modification. The 
percent loss of these various elements, as a function of Mach number 
is presented in Figures 8 to 11. The data in Figures 8 to 11 indicate 
that for the Mach number range from 0.8 to 1.2 the components which ex- 
hibit the most potential for possible modification are the flaps, the 
east leg diffuser and the two screens. The possible modifications and 
the margins of Improvement will be discussed in another section. 

Based upon the results of the TDT pressiire loss calculations, 
the following conclusions are made: 

a. The pressure loss calculations provide a good Indication 
of the loss for the various circuit elements. However, because of the 
numerous assumptions made for this study, particularly concerning the 
test leg pressure losses, experimental data should be obtained prior 
to initiating any modifications indicated by this study. 
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b. Only four of the circuit elements; the flaps, the first 
diffuser and the two screens, appear to be good candidates for possible 
modification. The largest increase in TDT performance could be ob- 
tained by replacement of the flap operation with an auxiliary suction 
system for plenum ventilation. 


9 


Ill PERFORMANCE IMPROVEMENT METHODS 


Several alternative modification methods for improving the 
TDT performance were considered during the conduct of this study. 

The various methods are briefly described as follows: 

A. INCREASE DRIVE POWER 

Since the dyanmic pressure increases directly with increases 
in drive power, this modification technique would appear to be the 
most straight-forward method possible. Several methods were explored 
to obtain increased power in the main drive system. These included 

(1) additional cooling of the existing motor to permit greater output, 

(2) rewinding of the existing motor for greater output, and (3) new 
high power output drive systems. 

It was deemed essential that the present two speed-ranges 
be retained in order to be compatible with speeds required for the 
compressor blading in the two test mediums, freon and air. This 
criterion, among other factors, restricted consideration of rewinding 
and a new motor to 30,000 and 50,000 hp systems, respectively. The per- 
fonnance gains and the costs associated with these two alternatives 
are discussed in Section IV. 

It was S&P' s initial thought that a significant power increase 
might be possible by providing additional cooling for the existing 
motor. Such cooling might take the form of refrigerated air, larger 
quantities of air, or other gas cooling mediums. However, the drive 
system manufacturer believed that little or no increase in power would 
be possible with this approach. 


10 


B. REDUCE TUNNEL TEMPERATURE 


The dynamic pressure available for a given horsepower varies 
inversely with the square root of the tunnel stagnation temperature. 
Consequently, large decreases in temperature are required to obtain 
significant increases in performance. Refrigeration does not involve 
an increase in the stresses in the model nor a departure from the con- 
ditions of dynamic similarity. In addition to high cost, some practical 
difficulties which make this alternative prohibitive for the TDT are: 

1. .When operating with Freon -12 as the test mediima, condensa- 
tion would occur at relatively modest temperature reductions due to 
the physical properties of the gas. 

2. Severe metallurgical problems would arise with the timnel 
structure at low temperatures unless internal insulation and/or shell 
heating were provided. 

3. TDT aeroelastic test model materials and their behavior 
at low temperature were considered to present an insurmountable 
problem. Model heating was not considered to be feasible. 

C. REDUCE TEST SECTION SIZE 

The power required to operate a wind tionnel is directly 
proportional to the test section cross sectional area. Therefore, 
for a given installed power, the dynamic pressure is increased as the 
area of the test section is decreased. Reasons that such a modifica- 
tion for the TDT was not deemed feasible are: 

1. Smaller test models would be required, which would negate 
any improvement in Reynolds number capability. 
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2, Fan pressure ratio requirement wovild be increased, which 
would necessitate a fan of different design, possibly multi-stage. 

3. Formidable problems with redesign and reconstruction of a 
smaller test section would be expected. Therefore, the performance 
improvement gain wo'uld not be expected to be economically feasible. 

D. CHANGE THE TEST MEDIUM 

As indicated by the freon operation, the TDT dynamic pres- 
sure performance increases with an increase in the molecular weight 
of the test medium. Sulfur hexafluoride, SF^^, has a higher moleciilar 
weight than Freon -12, but was more toxic and expensive. When the 
19-ft tunnel was modified, SF^ and nine other gases were investigated. 
It was concluded that the reasoning for selecting Freon-12 for the 
test medium was still valid, and, consequently, the consideration of 
other gases was dismissed. 

E. INSTALL AN AUXILIARY CCMPRESSOR SYSTEM 

To alleviate choking in a transonic wind tunnel, a portion 
of the test section flow must be bypassed. This is accomplished 
by applying suction to the test section plenum. Plenum flow removal 
may be accomplished by utilization of diffuser flap suction, as is 
presently the case for the TDT, or by utilization of an auxiliary 
compressor system. Because of the very high losses normally asso- 
ciated with diffuser flap suction, an auxiliary compressor system 
appeared to offer very significant performance improvement for the 
TDT. The auxiliary compressor system performance, layout, and costs 
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are discussed in Section IV. Some of the advantages that this system 
offers over other methods include the following: 

1. Minimum tunnel down-time would he incurred because design, 
procurement, and installation of nearly all of the system could be 
accomplished while the TDT remained in operation. The system would be 
virtually independent of the tunnel except for inlet and outlet 
connections, 

2. This alternative would allow retention of the existing cir- 
cuit compressor, drive system, and cooler. Since no additional power 
is required in the main circuit drive system, and auxiliary cooling 
can be provided in external coolers for the aiixiliary compressor 
system, no modification of the main system is required. An exception, 
of course, would be if the decision were made to both increase the 
main drive power and add auxiliary suction. 

3. Utilization of auxiliary suction not only eliminates the 
plenum pumping load on the main drive, but it can provide a gain in 
first diffuser performance if the flow is properly returned to the 
tunnel. In some cases, resulting improvement in dynamic pressure 
can be greater than that obtained by adding equal power to the main 
drive. 

4. The auxiliary suction system could easily be designed to 
provide the necessary plenum flow removal at supersonic Mach numbers. 
Consequently, the auxiliary compressor system could aid in increasing 
the Mach number performance of the TDT. 
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5. Since the auxiliary compressor plant is essentially an 
independent system, several "spin-off" advantages would occur. For 
example, the system could be utilized for TDT pressure control, or 
to support the operation of other wind tunnels. 

F. INCREA.se the mCH NUMBER CAPABILITY 

Investigation of the feasibility of increasing the TDT 
Mach number capability produced the following observations: 

1. Although an auxiliary compressor system could be designed to 
provide the necessary plenrim flow removal at Mach 1.4, an increase in 
the Freon system compression ratio from 2.42 to about 3.0 would be 
required. In addition, an increase in the main fan pressure ratio 
capability possibly would also be required. This would be dependent 
on the magnitude in the reduction of circuit losses. However, it is 
expected that the fan pressure ratio requirements at Mach 1.4 would 
exceed the present fan design ratio of 1.20 in Freon. This would 
indicate that modifications to include a two stage fan would also 

be necessary. 

2. The present TDT usable test section length, that is, the 
length for which uniform flow is developed at M = 1.2, is only about 
10 ft. This usable length will decrease if higher Mach numbers are 
attempted to be generated with a sonic nozzle and plenum suction. 

In addition, the plenum flow removal requirements increase rapidly 
with increase in Mach number in wind tunnels which utilize sonic 
nozzles. Consequently, a supersonic nozzle would be required to 
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obtain a Mach number of 1.4. Because of the Mgh cost and long 
downtime associated with a flexible nozzle, the feasibility of in- 
stalling nozzle inserts to obtain specific Mach numbers was con- 
sidered. Because of the large size of the TDT test section and 
because complete flutter models require continuous tech number cov- 
erage, nozzle inserts were not considered desirable. 

3. Because of the inherent characteristics of slotted test sec- 
tion walls, the test section Mach number distribution might be unaccept- 
able at higher tech numbers. This possibility indicates the need for a 
slot development program. The technology, however, indicates that either 
a perforated wall or a slotted wall with perforated inserts is superior 
to a slotted wall at tech 1.4. Consequently, increasing the TDT tech 
number capability would probably require a new test section configuration. 

It was concluded that the necessary modifications to obtain higher 
tech number capability for the TDT was in violation of the study con- 
-stralnts of minimum downtime and cost. For this reason, extending the 
TDT tech number capability was eliminated from further consideration. 

G. REDUCE CIRCUIT LOSSES 

The results of the circuit loss calculations indicated that 
only a few of the circuit components exhibited potential for possible 
modification to improve the TDT performance. These elements include 
the flaps, .the east and west leg diffusers, and the screens downstream 
of the fan and at Corner B. A discussion of possible improvements, 
the analyses for vshich are presented in Appendix E, follows. 
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Brief study of the screen at Comer B revealed that in- 
creasing the porosity of the fine mesh screen from about 77 to 88 
percent would increase the TDT performance at M = 1.0 by 2.8 percent. 

The cost of such a modification would be negligible. Because of a 
slight decrease in fan safety, however, this modification is not 
recommended. 

Three possibilities were considered for modification of the 
east leg diffuser and screen. These included (1) moving the screen 
nearer the entrance of the annular diffuser, (2) replacing the screen 
with one which had a significantly lower pressxxre loss coefficient, 
and (3) replacing the screen with vortex generators on the nacelle and 
perhaps the tunnel shell. The results of the analysis indicated that 
moving the screen would not provide lower losses, and that a reduction 
of the screen loss coefficient by 37.5 percent would only provide for 
a 4.2 percent increase in performance. For the latter method, it was 
estimated that up to an 8 percent increase in performance could be 
available at M = 1.0. Because of the numerous assumptions which were 
involved and considering the nature of the modification, an experimental 
program to evaluate this proposed modification is required. It is 
recommended that such a development program be conducted at the TDT. 

The cost of the modification and the supporting tests will be minimal. 

Two possibilities were considered for possible modification 
to the west leg transition and diffuser. The first, which involved 
extending a splitter plate to Station 214, did not provide any per- 
formance increase. The second approach involved installation of 
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vortex generators near the entrance of the diffuser. As previously 
pointed out, the TDT west leg diffuser is too short, hence the effi- 
ciency could perhaps he improved. Furthermore, vortex generators 
could possibly inMbit flow separation which has been assumed to 
occur at ]\fech numbers above 0.7. If separation could be prevented, 
an increase in performance up to 1.1% could be realized. Because 
the cost of such a modification is negligible, it is recommended that 
vortex generators of common design be installed at about Station 109. 
The effect of such modification on the TDT performance could easily 
be evaluated. 

The results of the circuit loss calculations indicate that 
the highest tunnel losses are associated with flap operation. The 
data in Figure 10 indicate that these losses vary from about 4$ at 
M = 0.8 to about 58^ at M = 1.2. It is believed that a very large 
increase in TDT performance can be obtained by replacement of flap 
suction with an auxiliary compressor system for plenum ventilation. 
The performance improvement and the costs associated with this modi- 
fication are discussed in Section IV. Should an auxiliary suction 
'system prove economically not feasible, it is believed that some 
small performance improvement could be obtained by optimizing the 
TDT flap settings for various Mach numbers. Current practice in the 
TDT is to set four flap settings for four ranges of Ulach numbers. 
Possible performance improvement is subject to verification by 
tests at the TDT. 
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rv POSSIBLE MODIFICATIONS 


A. REDUCE CIRCUIT LOSSES 

Investigation of several possible modifications to the 
tunnel circuit indicates that no single modification would lead 
to a significant Increase in performance. Possible improvement 
cannot be easily predicted, but could be experimentally determined. 
Because minimal costs are involved, the circuit modifications are 
considered likely candidates for recommended modifications. It is 
pointed out that although no single modification is significant, 
the cleanup of the entire circuit could be. For example, for the 
previously discussed modifications to the Comer B screen and the 
east and west leg diffusers, a 16.0^ gain in performance may be 
available at M = 1.0. 

For the possible modifications (based on the analyses 
presented in Appendix E) the estimated performance which may be 
available in the TDT for a complete circuit cleanup is presented 
in Figure 12. These data indicate that for both air and freon an 
Increase in performance from about 8.5^ at M = 1.2 to about 20^ at 
M = 0.8 may be available with a complete circuit cleanup. In addi- 
tion, the potential performance improvement is within the present 
pressure operating limits. 

A formal cost estimate for the possible modifications was 
not made. It is believed that a complete circuit cleanup could be 
accomplished for less than $50,000. In addition, tunnel down-time 
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would be insignificant, since it is believed that the modifications 
could be scheduled during normal tunnel down-time periods. It is 
assumed that the test time for experimental verification of the 
improvement in performance can be made available. 

B. INCREASE DRIVE POWER 

Of the several methods which were explored to obtain in- 
creased power in the main drive system, two were selected for esti- 
mation of performance gains and modification costs. These include 
(1) rewinding of the existing motor for 30,000 hp output, and (2) 
installation of a new 50,000 hp drive system. It was deemed essential 
that the present two speed-ranges be retained in order to be compatible 
with speeds required for the compressor blading in the two test mediums, 
freon and air. These two possible modification alternatives are dis- 
cussed below. A detailed discussion of the impact of the possible 
modifications upon various tunnel components is presented in Section V. 
The engineering work which supports the estimates of performance im- 
provement is presented in Appendix E. 

1. General 

a. Rewind Existing Motor 

The manufacturer has indicated that the existing motor can 
be rewound for a 30,000 hp rating and the same two-speed operation as 
is presently available. Presumably, the motor would be capable of some 
overload and possibly some capability above the nominal 30,000 hp which 
could then be utilized to obtain about a 50^ increase in power output. 
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There appears to be no reason why the rewinding could not be accomplished 
in the nacelle, at somewhat greater cost than in the shop. However, the 
savings realized from not having to cut the shell and the nacelle, re- 
move the motor and transport it to and from the manufacturer, reinstall 
the motor and then reweld the shell, would far more than offset the 
extra cost of rewinding inside the nacelle. Veiy appreciable savings 
in tunnel shut-down time would also be realized by rewinding inside 
the tiinnel. This rewinding of both the stator and the rotor inside 
the nacelle is possible because the original design of this motor pro- 
vided for stator shift (as indicated on Westinghouse Electric Corp. 
Drawing 75-J-89) . This permits the stator to be shifted eno'ugh hori- 
zontally to expose both the rotor and the stator windings without dis- 
turbing the rotor and the rotor bearings, permitting replacement of 
the existing rotor and stator windings with new windings. 

Modifications which would be necessary to accompany this 
repowering would consist of modifications to strengthen the circuit 
compressor, a new liquid rheostat and speed control equipment, addi- 
tional circuit cooling capacity, and additional cooling capacity for 
the main drive motor, liquid rheostat and eddy current brake. 

b. New Drive System 

A large increase in dynamic pressure capability for the TDT 
can be obtained by installing an entirely new higher power drive sys- 
tem. It appears that two-speed drive systems up to 50,000 hp could 
be installed in the existing nacelle. By Increasing the voltage of 
the motor to 13,800 volts (15 kV class), its size and weight could be 
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held domi to a point where it could probably be designed to fit 
inside the present nacelle, and perhaps even to fit the existing 
sole plate. New drive system components required for this amount 
of power increase would include the fan and fan bearings (both 
radial and thrust), the motor and bearings, couplings, eddy current 
brake, liquid rheostat, speed control equipment, and possibly new 
stator blading for the added loads. Additional cooling for the 
motor and liquid rheostat, greatly Increased tunnel circuit cooling 
capacity, and possible shell strengthening of some components 
would also be required. 

This modification would also require extensive cutting 
of the existing tunnel nacelle, and shoring and extensive cutting 
of the press-ure shell; and would require rigging to remove the exist- 
ing motor drive system and to install the new drive system. It 
appears that the foundation and drive supports, up to and perhaps 
including the sole plate, would be satisfactory for a new drive 
of this capacity. It is anticipated that a large opening could be 
cut into the north side of the northeast comer of the tunnel circuit, 
after shoring the tunnel shell, to remove the existing drive and 
to install the new drive. Considering the size of the east leg 
of the tunnel and the proximity of the adjacent buildings, it does 
not appear feasible to replace the drive through an opening in the 
top of the shell above the drive fovindation. Neither is it possible 
to go through the bottom of the shell because of the foundation; and 
there is not enough room between the north face of the drive fo\indation 
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and the northeast comer girder to cut a large enough opening in 
the bottom of the tunnel leg to work in that vicinii^r. 

2. Performance 

The input power requirements for a closed circuit wind 
tunnel are a function of the fan exit pressure, compression ratio, 
volume flow and efficiency, as well as the test medium. For a 
specific Mach number and corresponding pressure ratio, and assuming that 
the fan efficiency remains constant, the fan exit pressure is 
directly proportional to fan power. The tunnel dynamic pressure, 
therefore. Increases directly with Increase in fan power. 

The estimated performance for the TDT for the proposed 
30,000 hp rewind option and the 50,000 hp new motor option is 
shown in Figures 13 and 14 for air and freon respectively. The data, 
which are presented only for the Mach number range of primaiy 
interest, are compared with the present TDT performance. 

The data in Figure 13 Indicates that for both modification 
alternatives the Improved performance with air is well within 
the present pressure operating limits for the TDT in the Mach n\imber 
range from 0.8 to 1.2. The data in Figure 14 indicates that for 
the 30,000 hp option the improved performance with freon is within 
the present pressure operating limits in the Mach number range from 
0.8 to 1.2. Procurement of new manometers, at a cost of about $20,000, 
and operation at pressures in excess of the present structural limits 
would be required for full utilization of 30,000 hp below M = 0.7. 
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The data in Figure I4 also indicate that for the 50,000 hp option, 
new manometers would he required to fvilly utilize the 50,000 hp 
at Mach number of 0.8 and above, and that operating pressures of 
about 138^ of the present shell stinictural limit would be 
required for Mach numbers between 0.85 and 0.80 to fully utilize 
the 50,000 hp. The results of the study of the shell structure, 
which are discussed in Section V, indicated that little, if any, 
strengthening of the tunnel shell would be required for operation 
at 125^ of the present shell structural limit. Because a significant 
increase in performance would be obtained over the full Mach range 
(a factor of at least two between Mach numbers 1.2 and 0.73), and 
because little or no cost would be incurred for shell strengthening, 
it is recommended that the tunnel pressxrce be limited to 125^ 
of the presently defined timnel structural limit of 2500 psf. 

3. Costs and Tunnel Down-Time 

a. 30.000 hn Rewound Drive Motor 

The cost of this option is estimated as $2,800,000, which 
is based on motor rewinding, additional circuit cooling, additional 
drive motor and liquid rheostat cooling, new fan blades and fan 
blade sockets, new liquid rheostat, power supply increase, and 
tunnel circuit electrical and control equipment additions and 
modifications. Although costs have been estimated and Included 
for new fan blades and fan blade sockets, there is a high proba- 
bility that the existing fan blades and sockets will be suitable 
for this increase in the main power. Their suitability for the 
increased load will have to be resolved durirg preliminary or 
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final design if this option is chosen for f\irther investigation. 

Cost back-up data for this estimate will be fo\md in Appendix H. 

The tunnel shut-down time for this option could be limited 
to two or three months by accumulating all of the new components at 
the site, and installing the new cooling tower and its pumping 
system prior to scheduled shut-down of the TDT for modification. 

Most of the items that require modification or replacement can 
be worked on sim-ultaneously, and there would be no major work 
required on the tunnel circuit ducting, such as cutting large openings 
or reinforcing elements of the tunnel shell, 

b. 50.000 hn New Drive Motor 

The cost of this option is estimated as $11,500,000. 

This is based on a new 50,000 hp motor and drive; additional 
circuit coolirg; additional motor and drive cooling; entire new fan. 
Including hub, shaft, and bearings; power supply increase; tunnel 
circuit electrical and control equipment additions and modifications; 
additional freon storage capacity; and strengthening of miscellaneous 
tunnel shell components. Although costs have been estimated and 
Included for all of the above items, it is probable that little or 
no shell strengthening will be required if the pressure increase 
is limited to 125^ of the present structural limit of 2500 psfa; 
and it may be possible to salvage some of the fan components if a 
new thrust bearing can be designed to fit the existing shaft and 
to be suitable for the Increased load. Even the fan blades and 
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soclcets may prove to be satisfactory since the speed of the fan, 
which represents a major part of the design load on these items, is 
not being increased. If this option is selected for further inves- 
tigation, a detailed analysis of the above items will be required 
during preliminaiy or final design to determine whether or not they 
will have to be replaced. Cost bach -up data for this estimate 
will be found in Appendix H. 

The tionnel shut-down time for this option could be 
limited to about six months by accumulating all of the new 
components at the site prior to scheduled shut-down. Many of 
the items that require modification or replacement can be 
worked on simultaneously. The refitting and rewelding of the 
large opening in the shell, for removing the old fan and drive 
and installing the new, can commence after the new fan and drive 
have been brought into the tunnel, and can proceed while they 
are being aligned and installed. 
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C. ADD AUXILIARY COMPRESSOR SYSTEM 

The need for plenum flow removal in a transonic wind tunnel 
and the advantages of using an auxiliary compressor system for its 
accomplishment have been discussed in Section III. Two possible modi- 
fication alternatives were selected for estimation of performance 
gains and modification costs. These include (l) installation of a 
10,000 hp auxiliary compressor system with the present 20,000 hp main 
drive and (2) installation of a 15,000 hp auxiliary compressor system 
in conjunction with rewinding the main drive motor for 30,000 hp. The 
engineering work which supports the estimates of performance gains is 
presented in Appendix E. The engineering work associated with the 
auxiliary system compressor requirements is presented in Appendix F. 

A detailed discussion of the possible modification alternatives 
follows. 

1. General 

It was the intent of this study to investigate an auxiliary 
system capable of operation with both air and freon as a test medium, 
the primary motivation being that the same system inlet and exit 
ducting design would suffice for both air and freon. The results 
of the study indicated that for operation with air as compared to 
Freon-12, the compressor pressure ratio requirements are increased 
about 20 percent, and the compressor system volumetric capacity re- 
quirements are increased about 146 ^ at the selected design Mach 
number of 1.2. It was decided, for the purposes of this study, to 
examine the performance of the auxiliary system for a freon-only 
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operation. In the planning and design concept, however, provisions 
have been made for modification for both air and freon operation. 

Because the plenum flow removal requirements are only a 
fimction of test section Mach number and model blockage, the auxiliary 
system compressor pressure ratio and volume flow requirements are the 
same for both of the possible modification alternatives. In addi- 
tion, the same system layout, i.e., ducting design, is satisfactory 
for both the 10,000 and 15,000 hp systems. The major differences 
between the two systems are in increased motor power and aftercooler 
capacity for the 15,000 hp auxiliary system. 

The major advantage of the auxiliary system as compared to 
other possible TDT modifications appeared to be that the design, 
procurement, and Installation of nearly all system components could 
be accomplished while the TDT remains in operation. Only a very 
short tunnel downtime was anticipated to allow the system tie-in to 
the main circuit ducting. 

2. Auxiliary Compressor System Layout 

The proposed layout for this system is shown on Figures 15 
and 15a. Siting consideration of the auxiliary system inside the TDT 
loop by utilizing space north of the Electrical Equipment Building at 
ground level, above the Electrical Equipment Building by relocating 
the present cooling tower, and above the Freon Equipment Building, 
indicated that these spaces were either inadequate or the resultant 
building costs were excessively high. The location shown on Figure 15, 
now occupied by a parking lot immediately south of the TDT, appears to 
be the only possible location for a system of the required size. 
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The proposed auxiliary system layout Illustrates "both a two- 
compressor system (the two internal compressors) for freon-only opera- 
tion, and the required modifications to provide a four-compressor 
system for air and freon operation. Although the available space 
south of the TDT is critical, it appears that a four-compressor system 
would fit within the available space. The two-compressor system for 
freon-only operation would easily fit into the required space. 

The sizing of the system ducting was based on detailed 
ducting loss calculations using the same procediires as were used for 
the TDT circuit pressure-loss study. The physical characteristics 
of the auxiliary system ducting are presented in Table 4. It should 
be noted that although the selected ducting sizes provide reasonable 
pressure losses, shoxild the auxiliary system modification alternative 
be selected, a cost trade-off study would be warranted during final 
system design. 

The ducting loss calculations were made for both air and 
freon for test section Mach numbers of 0.8, 0.9, 1.0, 1.1, and 1.2. 

The auxiliary system would not be utilized at Mach numbers below 0.8. 
The pressure loss of each ducting element is presented in Figures 16 
and 17 for the design conditions at Mach n\imber 1.2. These data indi- 
cate that, except for three components for which high losses are un- 
avoidable, the losses are fairly evenly distributed. The pressure 
recoveries of the auxiliary system ducting with freon as a test medium 
are presented in Figures 18 and 19. 

Every possible location for the auxiliary system entrance 
cone at the test section plenum was investigated, and the one shown 
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was considered as the only suitable location. It was considered 
essential to have a 45° entrance cone to the 10' entrance duct. This 
entrance cone must be placed inside the plenum to avoid having to cut 
one of the four main ring girders on the test section pressure shell, 
and will have to be modified on its north side to clear the elevator. 
In addition, it will also require a modification to be made to the 
freon intake and exhaust manifold in the vicinity of this cone. The 
10' duct must be placed in a concrete-lined pit beneath the west leg 
of the TDT, and located to avoid the existing foundations for the SW 
comer girder and the present freon storage tank. A tied expansion 
joint on the south end of the 10' duct will relieve the test section 
plenimi of excessive anchor loads from the gas pressures inside this 
duct. 

Construction of the concrete-lined trench for the 10' duct 
will present special problems because the groundwater level is very 
close to the ground surface. This will require dewatering, either 
with a well point system or trenching, during excavation for, and 
construction of the concrete trench, which must be heavy enough so 
that it won't float when the dewatering is discontinued. The 10' 
duct can be lowered into the south end of the trench in about 30 ' 
lengths and then shifted northward. This will require several cir- 
cumferential welds to be made while the duct is in the concrete 
trench. The 45° inlet cone and the spoolpiece between it and the 
10' elbow will be brought in pieces and field-fabricated after the 
opening has been cut in the test section pressure shell. 
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All compressors will have a 7 '-6" inlet duct with appro- 
priate connections to the 10' supply header and a safety screen, 
a 5 '-6" outlet duct with a cooler, a 4'-0" bypass line for start- 
up and flow control, and the necessary isolation valves and expansion 
joints. The auxiliary system will exhaust through a 7 '-6" line into 
a re-entry plenum Immediately downstream of the test section. The 
flow will be injected back into the tunnel circuit parallel to the 
circuit gas flow through twelve inlet or re-entry flaps. The inlet 
plenum for flow re-entry to the circuit will be fabricated in sev- 
eral sections to be field-trimmed at assembly on the first diffuser. 

Ideally, the re-entry flap exit Mach number should be some- 
what higher than the free stream Mach number at the re-entry station, 
so that an ejector action is obtained. The re-entry station has been 
selected as Station 129. Because of the large size of the main cir- 
cuit ducting and the fact that the area is increasing, and consid- 
ering the small amomt of re-entry flow, a significant ejector action 
is not expected. In addition, because of the high cost of a variable 
area flap system, it is recommended, at least for the purposes of 
this study, that a fixed flap area be utilized. Accordingly, the 
system was designed with twelve re-entry flaps, each with an area of 
1.35 ft^. At the design test conditions of Mach = 1.2, this system 
will produce a flap exit Mach number of 0.6. Somewhat lower Mach 
numbers are obtained at off-design conditions, but this was not con- 
sidered detrimental to the system performance. 
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The new compressor building will be on pile foundations and 
will have a bridge crane for initial installation and later service 
of the compressors and their drive motors. The compressor foundations 
will be on separate pile- supported foundations. Although it would be 
possible to build a two-compressor system for freon operation ini- 
tially, and later to add two more compressors for freon and air 
operation, this approach would increase the ultimate cost of the 
system. The decision to build a four-compressor system initially 
would minimize the uiltimate cost of the total system. 

3 . Auxiliary Compressor System Requirements 

The auxiliary compressor system requirements are defined by 
the compression ratio, the volume flow capacity, and the system power. 
The compressor pressure ratio requirements depend upon the main cir- 
cuit losses between the test section and the flow re-entry station, 
the losses across the re-entry flaps, and the losses in the auxiliary 
system ducting. Based on the results of this study, the compressor 
operating pressure ratio requirements are shown in Figure 20. Assuming 
a 20^ stall margin, the auxiliary system must be designed to deliver 
a pressure ratio of 2.42 with freon as a test medim. 

The auxiliary system inlet volume flow requirements for 
various test section Mach numbers and plenum flow capacities are 
presented in Figure 21. For the minimum flow removal requirements 
and correcting for inlet ducting losses, the volme flow requirements 
are 3018, 3834, 4769, 6101, and 8709 cfs at M = 0.8, 0.9, 1.0, 1.1, 
and 1.2, respectively. For a 20^ capacity margin, two 5,200 cfs com- 
pressors would be required for the Freon-12 system. The cost estimate 
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for this study assumes that the auxiliary compressors will be driven 
by synchronous motors. Bypass lines were provided to match the test 
section requirements. 

The auxiliary system horsepower requirements are a function 
of the compressor pressure ratio, volume flow and efficiency, the 
test medium, and the compressor inlet pressure. For an arbitrarily 
assumed compressor efficiency, and for the pressure ratio and volume 
flow requirements indicated by this study, the compressor power per 
psf of inlet pressure is presented in Figure 22 for freon. Both a 
one and a two compressor configuration are shown. The data in 
Figure 22 indicate that only one compressor would have to be uti- 
lized for Mach numbers below 1.05. The compressor inlet pressure. 

Pci, is dependent upon the magnitude of tunnel performance improve- 
ment provided by the auxiliary system. A discussion of the estimated 
performance improvement is presented in another section of this report. 
The results of this work indicate that performance Improvements from 
about 10^ at Mach = 0.8 to about 64 ^ at M = 1.2 would be provided by 
the auxiliary system. These margins of improvement woiild be avail- 
able for both the 10,000 and 15,000 hp alternatives. For the 30,000 hp 
main drive rewind option, the auxiliary system inlet pressure increases 
by a factor of 1.5. So then, for the indicated margins of improve- 
ment and considering the inlet ducting losses, the compressor inlet 
pressures presented in Figure 23 were estimated. The auxiliary 
system power requirements are, therefore, defined as shown in Fig- 
ure 24. The data in Figure 24 indicate that with the 20,000 hp drive. 
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each compressor should he powered for about 5,200 hp for a total of 
10,400 hp. With the 30,000 hp rewind option, the data indicate 
that each compressor should be powered for about 7,800 hp for a 
total of about 15,600 hp. These systems will be referred to as the 
10,000 and 15,000 hp a\ixiliary systems. 

4 . Auxiliary System Performance 

Because of the high cost of matching the auxiliary system 
for operation with both air and freon, it was recommended that the 
initial system be designed for a freon-only operation. Consequently, 
the estimations of performance gains are limited to those for freon- 
only operation. The performance of the auxiliary system with air is 
suggested to be the subject of a detailed study during the final 
design phase of the auxiliary system. 

The results of the circuit-loss calculations indicated 
that significant losses were associated with flap operation, which 
could be avoided by utilization of an auxiliary compressor system. 

The circuit losses associated with the high Mach numbers required to 
pump the plenum flow and with the re-entiy of the flow into the 
diffuser have been presented in Figures 10 and 11. It is assmed 
that the re-entry losses can be eliminated, and the shock losses 
significantly reduced with utilization of an auxiliary system. 
Additional losses in the diffuser and transition were attributed to 
flow separation caused by the re-entry of the low energy plenum flow 
into the diffuser entrance. 
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A reduction of the circuit losses results in a decrease in 


the circuit pressure ratio requirements, and a corresponding increase 
in dynamic pressure performance. The detailed work associated with 
estimating the margins of improvement available with the auxiliary- 
system is presented in Appendix E. The results of this work indicate 
that margins of improvement of 10.3, 23.2, 48.6, 57.0, and 64. 0 per- 
cent at M = 0.8, 0.9, 1.0, 1.1, and 1.2, respectively, are available 
with an auxiliary system. These margins of improvement are applicable 
for utilization of an auxiliary system with both the 20,000 hp main 
drive and the proposed 30,000 hp main drive. The estimated perfoimiance 
of the TDT with utilization of an auxiliary system with the two drive 
powers is shown in Figure 25. The data in Figure 25 for the 10,000 hp 
auxiliary system indicates that the addition of an auxiliary system 
is more efficient at M > 1.0, but less efficient at M < 1.0, than 
adding an equal amount of power to the main drive. 

5. Costs and Tunnel Downtime 

a. 10.000 hn Auxiliary Compressor System 
The cost of a 10,000 hp two-compressor auxiliary system 
suitable for freon-only operation is estimated as $6,000,000. The 
cost for a 10,000 hp four-compressor auxiliary system suitable for 
freon and air operation is estimated as $9,600,000. These are in- 
stalled costs including the compressors, coolers and cooling tower, 
ducting, compressor building, and all associated equipment to complete 
the system described in paragraph 2 above. Cost back-up data for 
this estimate will be found in Appendix H. 
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The tunnel shut-down time for this option could he limited 
to three or foiir months with careful scheduling, and by constructing 
the compressor building and all of the ducting except that attached 
to the tunnel circuit shell, by installing the compressors and all 
associated equipment, and by accumulating all equipment and materials 
at the site prior to scheduled tunnel shut-down. 

b. Id. 000 hn Auxiliary Comnressor System Counled with 

Main Drive Rewind to 30.000 hn 

The cost of a 15,000 hp two- compressor auxiliary system plus 
a rewind of the main drive motor to 30,000 hp suitable for freon-only 
operation is estimated as $9,100,000. The cost for a 15,000 hp four- 
compressor auxiliary system plus a 30,000 hp main drive motor rewind 
suitable for freon and air operation is estimated as $12,800,000. These 
are installed costs as listed in paragraph a. above and in paragraph 
B.3.a. above. 

The tunnel shut-down time for this option could also be limited 
to three or four months with careful scheduling. 
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V SECONDARY IMPACT OF POSSIBLE MODIFICATIONS 


A. TUNNEL SHELL PRESSURIZATION 
1. General 

In order to take advantage at the lower Mach nimbers of the 
increased dynamic press\xre that would become available with the im- 
provement methods considered, it would be necessary in some cases to 
increase the total pressure of the test medium, either Freon-12 or 
air, above the present struct^lral limit of 2,500 psfa in the stagna- 
tion chamber immediately upstream of the nozzle inlet. Consideration 
was given to increasing this pressure in increments up to a maximum 
as high as four times this value, or 10,000 psfa. A general review 
of the effect of these incremental Increases was made on various tun- 
nel components to determine to what extent they woifld be affected 
structurally. The study is of a general natxrre and will be found in 
Appendix G. In general, the conclusions reached were that: 

a. For freon total operating pressure increases in the 
stagnation chamber up to 3,125 psfa (125^ of the presently-defined 
tunnel structural limit of 2,500 psfa), little if any shell or com- 
ponent reinforcement woiHd be required. 

b. For freon operating pressure increases up to 3,750 psfa 
(150^ of the presently-defined structural limit), some shell and com- 
ponent reinforcement would probably be required. Although the shut- 
down time would not be prohibitive, the cost of this reinforcement 
could not be justified for any of the improvement methods considered, 
except perhaps for an increase in main drive power up to about 
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50,000 hp. Even for this option, any added cost and the additional 
hazards incurred, when operating at 3,750 psfa instead of 3,125 psfa, 
would be difficult to justify; because the 50,000 hp can be fiilly 
utilized down to Mach number 0.85 if the pressiire is limited to 
3,125 psfa; and there is a significant improvement in the perfor- 
mance for Mach numbers below 0.85 also with pressure limited to 
3,125 psfa. 

c. For freon operating pressure Increases up to 5,000 psfa 
(200^ of the presently-defined structural limit), some shell and com- 
ponent reinforcement would certainly be required, and the stress 
reversals in some critical areas may prove to be unacceptable. The 
cost of this reinforcement could not be justified for any of the im- 
provement methods considered, because the res\ilting increase in 
tunnel performance over that for an increase in operating pressure 

to 125^ is in the low Mach number range (below the 0.8 to 1.2 range 
where improvement is needed). 

d. A study of Figure 14 and of Table 5 indicates that it 
is difficult to justify a freon operating pressure up to 150^ of 
the present limiting pressure even for a main power increase up to 

50.000 hp; because if you follow the 125^ structural limit curve from 
the point of its intersection with the 50,000 hp normal current load 
curve at Mach No. 0.85, you note that there is still a very appre- 
ciable performance increase at Mach numbers below 0.85. For a 

10.000 hp auxiliary compressor system mated with the present 20,000 
hp main drive, or for a rewound main drive motor up to 30,000 hp. 
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the present timnel operating pressures are sufficient for the Mach 0.8 
to 1,2 range where improvement is needed. If a 15,000 hp auxiliary 
system is mated with a 30,000 hp rewould main drive motor, the pressures 
would have to he increased to about 125/^ of present pressure levels 
to maie full use of the available dynamic pressirre down to a Mach 
number of 0.8, 

2. Recommendations 

No increase in tunnel limiting pressure is recommended for 
any of the possible modifications considered, except for the 50,000 hp 
main drive option or the 30,000 hp main drive with the 15,000 hp 
auxiliary compressor system option. For these two options, a pres- 
sure increase to 125^ of the presently-defined limit should be 
considered. Before operating pressures are increased, however, a 
detailed structural analysis of all critical areas and details 
should be made to determine how much the operating pressiires can 
be increased with little or no added reinforcement. The study 
included in Appendix G will serve as a general guide to help pin- 
point those areas that require detailed consideration. After any 
necessary reinforcement has been made, it is recommended that a 
pneumatic pressure proof test be made up to 150^ of the anticipated 
new operating pressures, 

B. TUNNEL COOLING 
1, General 

Additional t\mnel circuit cooling is required for any 
perfomance improvement method which adds power to the main drive 
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system. The auxiliary compressor system, which has coolers in that 
circuit, woiild not impose any added cooling load on the main cir- 
cuit cooling system. 

2. Cooling Methods 

Two methods to provide additional cooling in the tunnel 
circuit were considered. These were (l) the addition of cooler 
surface area in the gas stream with additional cooling water circu- 
lated from a new cooling tower and (2) the addition of commercial 
air-conditioning type water chillers with their supporting cooling 
tower and water system to circulate chilled water through the 
existing tunnel cooler. 

Method (l) has the advantage of providing additional 
cooling in the winter months when cooling tower water approaching 
chilled water temperature from chillers is available. It presents 
some additional tunnel pressure loss, but this is expected to be 
very small, since the added surface area would be located in the low 
velocity region of the tunnel circuit and low loss surface is avail- 
able for this type of application. 

Method (2) has a limitation on cooling capacity, since 
chiller water temperature below 40° to 45°F woxild not be attainable 
during either summer or winter periods. This would limit cooling 
capacity to about twice that presently available in hot weather, 
unless additional cooler sm'face area were also added in the tuumel 
circuit. In addition, added power charges would be incurred with 
this method. 
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It is recommended that additional cooling he provided if 
needed hy adding surface area in the main circuit. 

3 . Cooling System Costs 

Based upon recent quotes on large wind tunnel coolers and 
estimates for the costs of water piping, pumping and cooling tower, 
the installed cost for additional tunnel cooling would he approxi- 
mately $100 per horsepower. This is based upon cooling water supplied 
at 85°F and a tunnel air temperature of 115°F. Increasing the main 
drive power from 20,000 to 30,000 hp would require a cooling system 
addition capable of handling an additional 10,000 hp and would cost 
about $1,000,000; while increasing main drive power to 50,000 hp 
would require an additional 30,000 hp cooling system at a cost of 
about $3,000,000. 

C. CIRCUIT COMPRESSOR 
1. General 

The circuit fan or compressor system consists of 24 remotely 
adjustable prerotation vanes, a 47 blade fan, and 40 remotely adjust- 
able stator vanes followed by 30 fixed stator vanes. Fan hub diameter 
is 25.2 feet and tip diameter is 36.0 feet. Additional equipment con- 
sists of the fan shaft, support bearings, nose fairing, drive section 
outer shell, shaft seals and couplings, support equipment, and lubri- 
caticn system. 

Tunnel performance improvement methods which do not include 
power addition to the main tunnel drive, such as an auxiliary com- 
pressor system or circuit loss reduction, are believed to require 
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only minor if any modification of the circuit compressor. However, 
those methods considered which do add drive power, such as rewinding 
the existing motor for 30,000 hp or replacement of the motor with one 
of 50,000 hp, may require appreciable modification of the compressor 
system. 

Structural and mechanical design notes and computations for 
stress levels and sizing of the compressor system were not available 
for this study. Therefore, it was necessary to make what appeared to 
be reasonable assumptions with regard to the required modification 
work. Should the project proceed to the design phase, stress levels 
should be examined for the selected improvement method. 

2. Increased Main Drive Power 

a. Rewinding for 30.000 hn 

It was expected that increasing the main drive power by 
rewinding the existing motor for 30,000 hp may result in a require- 
ment for a new thrust bearing, new compressor blades, and perhaps 
new blade sockets to handle the additional blade loading that would 
occur with this repowering. All other components of the compressor 
system are expected to be capable of handling the additional loads 
that would be imposed. However, a detailed analysis of vanes, 
bearings, couplings, hub, and shafting woiold be required during 
a design phase for this modification. 

b. Renowering for 50.000 hn 

The loads imposed with a new drive system capable of pro- 
viding 50,000 hp would be expected to require a completely new 
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compressor system. Approximately the same two compressor speeds, 
compressor diameters, and compressor pressure ratio would be re- 
tained along with the existing drive section outer shell, 

3 . Auxiliary Comuressor System 

The addition of an auxiliary compressor system external 
to the tunnel circuit imposes no additional loading on the fan blades 
or bearings. However, some additional load would be imposed on the 
circuit compressor system vanes. It. is expected that this would not 
be sufficient to necessitate modification of these components. 

4. Tunnel Pressurization 

Increased tunnel total pressure capability, by itself, 
would not appear to be warranted since little or no performance 
improvement would be obtained. When combined with one of the per- 
formance improvement methods mentioned above, additional circuit 
compressor loading would occur as indicated by that method, and modi- 
fication work would be needed as indicated. Venting and pressurizing 
of seals in the drive system might have to be modified somewhat in 
order to accommodate the increased pressure in the tunnel. 

D. GAS CHARGING SYSTEM 

1. General 

As indicated earlier in this report, the TDT is operated 
most of the time with Freon-12 of about 95^ purity. Air is used as 
the test medium at other times. Methods and equipment are presently 
available for charging the tunnel with either test mediimi. This equip- 
ment is also used for evacuating and/or charging the test section 
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independently of the rest of the circuit, so as to permit personnel 
entry for model changes and adjustments in an atmosphere of air at 
sea level pressure. 

Increased pressurization of the tunnel circuit is required 
in order to improve dynamic pressure capability at the lower Mach 
umbers, with many of the methods considered. Therefore, a study was 
made for modifications that might be required to the gas charging 
system in order to cope with increased tunnel pressure. A limit of 
1.25 times the present upper operating pressure of 2,500 psfa was 
deemed adequate to take advantage of the performance improvement 
methods considered and to stay within reasonable tunnel shell pres- 
sure capability. 

2. Freon System 

Freon is stored in a liquid receiver with a pressure capa- 
bility of over 100 psia and supplied to the timnel in gaseous form 
through a vaporizer. The system is deemed adequate, from a pressure 
capability standpoint, to supply the tunnel at operating press-ures 
at least up to the proposed limit. Addition of liquid storage capa- 
city might be warranted for some of the methods being considered due 
to the increased quantity of freon used for charging the timnel at 
the higher pressures. 

3 . Air System 

Air is supplied to the tunnel from atmosphere through fil- 
ters, silencer, and dryer and, depending on tunnel pressure, to the 
tunnel circuit either through compressors or directly. Compressor 
capability for the proposed pressure appears to be adequate. 
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4, Other Considerations 


The time required to perfonii certain pumping or charging 
operations would he greater than at present for going from one extreme 
to the other, since the extremes would now he further apart. How- 
ever, the time for performing the same functions as at present would 
not change. Refer to Table I in Langley Working Paper 799 which 
gives the length of time required for performing these operations; 

a. Convert tunnel from air at atmospheric pressure to 
freon at from 100 to 2,100 psfa. 
h. Start tunnel after model change completed, freon in 
tvmnel at from 100 to 2,100 psfa. 

c. Make entry to test section after tunnel shutdown, 
freon in tunnel at from 100 to 2,100 psfa. 

d. Same as a, h and c above hut with air in tunnel. 

e. Time required to vary total pressure in the tunnel 
from 100 to 2,100 psfa with both air and freon. 

Assuming that the present time requirements for performing these 
tunnel operations are acceptable, it does not appear that the in- 
creased pressure for some of the methods being considered would make 
operating times unacceptable. 

E. ELECTRICAL POWER SUPPLY 

The existing electric power system at the Langley Field 
installation is supplied by the Virginia Electric Power Company through 
the Stratton Road Substation located in the West Facilities area at 
115,000 volts. All power load additions require that power correction 
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equipment be included to maintain a 95 to 98^ power factor operating 
condition of this supply. The use of synchronous motor drive equip- 
ment for compressors operating at one constant speed, where possible 
in utilization equipment, will help reduce corrective equipment 
additions. It was assmed that no increased total maximum power 
requirement would be needed from the power supply company by proper 
scheduling of power demand. 

The East Facilities area receives its power supply from the 
above substation by means of one underground pipe-type cable oper- 
ating at 110,000 volts and two underground cables operating at 
22,000 volts. The underground pipe-type cable to the Back River 
Substation in the east area has a total capability of approximately 
94 mva that would be adequate to supply electric power to the tunnel 
drive system and auxiliaries of all studies covered in this report. 

The entire 41.6 mva maximum capability of the transformer 
"ID", located in Back River Substation, can be made available by 
transferring 22,000 volt underground cables and scheduling test 
periods of other tunnel loads connected to this transformer. For 
modifications involving the addition of an auxiliary compressor 
system and/or the rewinding of the existing motor for 30,000 hp, 
this would serve as the power source. Auxiliary equipment and mis- 
cellaneous requirements would be supplied from the 22,000 volt system. 
The necessary reactive power correction equipment and switching 
facilities would be located adjacent to this transformer with exist- 
ing utilization voltage equipment. 
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The modification involving the replacement of the existing 
drive system with one capable of 50,000 hp would require the addition 
of a new power transformer of approximately 50 mva to step down the 
cable supply voltage to a utilization voltage of 13,800 volts. 
Associated reactive power corrective equipment and switching equip- 
ment would be located adjacent to this transformer. An underground 
duct and manhole system with cables would be required to the tunnel 
drive system, protective relaying and tunnel control system areas. 
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VI CONCLUSIONS 


Based upon the study work performed for the TDT, the 
following conclusions have been reached: 

1. Virtually all of the possible methods to improve the per- 
formance of the TDT for increased dynamic pressure and Mach number 
have been considered. 

2. Many of the methods considered are not believed to be 
feasible for technical reasons or for prohibitive cost and downtime 
in terms of the performance gain possible. 

3 . Several promising methods were explored in some detail for 
performance improvement, cost, and tunnel downtime. Results are 
presented in this report. 

4. In terms of performance gain per dollar of expenditure, the 
most promising method may be a reduction of circuit losses, based 
upon experimental verification. However, the magnitude of improve- 
ment is expected to be limited. For a very significant performance 
improvement, rewinding of the main drive motor appears to offer the 
most economical approach. 

5. For the possible modification methods considered, the per- 
formance improvement, costs, and tunnel downtime were estimated as 
follows: 
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Method 

Approximate 

Performance 

Improvement 

% 

Cost 

Tunnel 

Downtime 

Rewind drive for 30,000 hp 

50 

$ 2,800,000 

2-3 mos. 

New 50,000 hp drive 

150 

11,500,000 

6 mos. 

10,000 hp Auxiliary Com- 
pressor System (freon 
only) 

50 

6,000,000 

3-4 mos. 

Same as above, but air 
and freon 

50 

9,600,000 

3-4 mos. 

Rewind drive for 30,000 hp 
plus Auxiliary System of 
15,000 hp, freon only 

150 

9,100,000 

3-4 mos. 

Same as 5 above, but for 
air and freon 

150 

12,800,000 

3-4 mos. 

Circuit Loss Reduction 

* 

50,000 

* 


Variable and limited 


VII RECOMMENDATIONS 


The following recommendations are provided to improve the 
performance of the TDT: 

1. Conduct the circuit loss experimental work as proposed in 
this report and assess the improvement possible. Modify the circuit 
to reduce losses as warranted hy the results of this work. 

2. Initiate a preliminary design phase of work for one of the 
major improvement methods outlined in this report. The selected 
method should he that which provides the required magnitude of per- 
formance improvement together with acceptable cost and tunnel down- 
time. The preliminary design work should detail all of the modification 
work in terms of components, site locations, methods of construction, 
types of equipment, costs, and design and construction schedules. 

3. Proceed to final design in order to prepare detailed plans 
and specifications for the construction work. 
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APPENDIX A 
TABLES 
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TABLE 5 


FREON OPERATION 

COMPARISON OF POSSIBLE MODIFICATIONS, SHELL 
PRESSURE AND MACH NUMBER 


Main Drive 
hp 

Main Drive 
Current 
Load 

Auxiliary 
Compressor 
Sys. - hp 

% Present 
Structural Limit 
of Tunnel Shell 

Full Power 
Utilization 
Available 
for Mach 
Nos. Above 

20,000 

Normal 

none 

100 (2500 psfa) 

0.5 

20,000 

Overload 

none 

100 

0.6 

20,000 

Normal 

10,000 

100 

0.6 

20,000 

Overload 

10,000 

100 

0.7 

30,000 

Normal 

none 

100 

0.7 

30,000 

Overload 

none 

100 

0.8 

30,000 

Normal 

15,000 

125 (3125 psfa) 

0.7 

30,000 

Overload 

15,000 

125 

0.8 

50,000 

Normal 

none 

125 

0.85 

50,000 

Normal 

none 

150 (3750 psfa) 

0.75 
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APPENDIX C 

CIRCUIT PRESSURE LOSSES 
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Tunnel Static Pressures 


Determine pressures in psf consistent with NASA 
transducer setup and data reduction. Designate scannivalve pressures 
for example, as SP191b, etc. Also, tabulate differential trans- 
ducer readings (DPI to DPIO) and calculate ten pressures from the 
differential transducers and the scannivalve measured reference 
pressures. (Designate as P77b, etc) For example: 


; P77b ^ -y- T>PI ; eT^. 

r 

' I. .r 

■) . , 


Mach Number at Station 44 



(Tabulate) 


(Tabulate) 


where: V = ratio of specific heats 

H => stilling chamber total head pressure, psf 
P44 static pressure measured at Station 44, psf 


for: Air V = 1.4 

Freon use Eqs. A8 and A9 from LWP-799 to solve for , 


Tunnel Weight Flow 
ON - iw • 7 ^ 44 - 

3) IV = *VL ==:- 






(Tabulate) 


where: T^.: tunnel stagnation temperature, R 

t 2 

A44: Station 44 area; 241.08 ft 

m! mass flow function for M >> M44 (see Eq. 4) 


-/ 32 -- 


} 




1 ) 


<.hi. of i 


Mass Flow Function - General Form 


4) ^ 




where; g = 32.174 
R 


ft #m 
2 W 


sec 


for: Air 


gas constant, ft^/sec^^R 
R - 1716.32 11^.^ 


I,' • 


1 

• i ' 
:1 ’■ 


j Freon R varies with Freon purity. Determine from 
'■ Ref. 16, 17 and 18 of LWP-799 or from mass 

balance. 

Loss Calculations ! 

Make calculations for Stations 191b, 77b, Ob, 44, 80, 
96, 129, 214, 33c and 215b. i f 


Mass Flow Function at Each Station 
From Eq. 3 we have: 


f t 


5) - 


v^'f% 

■PA 


(Tabulate) 


where: P is pressure' measured at each station (Eq. 1) 

A Is the area at each station 


and 


T. = 


Tt 


tunnel stagnation temperature ( “R) for Stations 44, 
80, 96, 129, 214, 33c and 215b. 

compressor exit temperature (TTE) for Stations 191b, 
77b and Ob, ( °R) 


'll.. !i 
♦; 

♦ 

Mach Number at Each Station 

The Mach number at each station is determined by 
iterating Eq. 4 for m obtained from Eq. 5. For Air, use = 1,4 
and R =» 1716.32. For Freon use the Station 44 value of R and 
determine from Eq. A9 from LWP-799 using 



where: is the value computeil for Station 44 

Tt from Eq. 5, “R 

j P is the pressure measured at each station (Eq. 1) 

H is the stilling chamber total head pressure 

i 

T is to be used in Eq. A9 to find o 

NOTE: Tabulate ^ for each station. 

Total Pressure and Dynamic Pressure 
For each station: ^ 

and 

8) = .L (Tabulate) 

where obtained from Eqs, 6 and A9 for Freon: 
y = 1.40 for Air 

M is local Mach number (Eqs. 4 8 e 5) 

i* 

P is the pressure measured at - each station (Eq. 1) 

NOTE: Designate total pressures as PT77b etc. 

Designate dynamic pressures as Qf77b etc. 


7) PT = TPp 


J (Tabulate) 


i~ of s 


-isH-- 


static Temperature 
For each station; 


9) 






where; from Eq. 5 and PT from Eq. 7 

)$ is value computed for each station 


Fan Pressure Ratio 


I r 


10 ) FPR. = 


pTi^iy 


PT191b and PT215b from Eq. 7 


Section Pressure Losses 


11) vptCk) =• PT^y)- Pr(^) ; 


where: 


X = 1 
X = 2 
X = 3 
X = 4 
X = 5 
X = 6 
X = 7 
X = 8 
X = 9 
X =10 


Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 


191b 

Z 

= 

77b 

77b 

Z 

a 

Ob 

Ob 

Z 

a 

44 

44 

Z 

a 

80 

80 

Z 

= 

96 

96 

Z 

a 

129 

129 

Z 

a 

214 

214 

Z 

a 

33c 

33c 

Z 

= 

215b 

215b 

Z 

a 

191b 


Volume Flow 


Foi’ each station; 


12) VF = 


S'Pr 


cfs 


-IBS'- 


Shi.X of 6 


(Tabulate) 


, (Tabulate) 


(Tabulate) 


(Tabulate) 


where; 



C) Shi. 7 of 8 


P is pressure measured at each station (Eq. 1) 
A is area at each station 

PT is total pressure at each station (Eq, 7) 
m and for each station from Eq, 5 
For R and g see Eq. 4 ^ 

■ i ' ' ‘ 

NOTE; Designate volume flow as VF77b, etc, 

i ' 

Section Loss Coefficient T . 


13) 


=. 


VPTCxy\/7^('/) 
. \/F44‘ 


■ (Tabulate) 


Where; DPT (X) from Eq. 11 (exclude DPIO) 

Q44 from Eq. 8 

VF from Eq. 12 where VF(Y) is volume flow at the 

entrance of the section i.e. for KOI: Y = 191b, etc. 


Tunnel Energy Ratio j 

14) (Tabulate) 

£ 

where; X = 1 to 9 (See Eq. 13) 

Section Percent Loss 

15) 5PL(x) ~ too ; % (Tabulate) 


Fan Adiabatic Efficiency 

16) PE- . rritCPPR)^- 


-rT£“~ 'TTX 



where; TTI is fan inlet temperature, ®R 
TTE is fan exit temperature, *R 
FPR from Eq. 10 

y is value calculated for Station 215b 



• 1 ' Shi, S ofB 


- ■ ^ • f • 

1, ' -t ■ 

Reynolds Number , ■ >1 



P.p from Eq. 7 
from Eq. 5 

For Freon use P measured at each station (Eq 1), the 
Freon purity^X^and the static temperature at each station (Eq, 9) 
along with Eqs, A13 to A17 of LWP-799 to compute Rjj. 

NOTE: Tabulate Rj^ for each station. 

Summary of Tabulated Data 

In addition to NASA data requirements tabulate for each 
data point:, ’ ■. ' ' 

a) H, P (chamber), T^, TTE and TTI 

b) W, R, FPR, EI^ X and FE • 

c) 20 scannivalve pressures (SPO to SP194) ,i 

d) 10 differential pressures (DPI to DPIO) ‘ir" 

e) 10 differential total pressures (DPTl to DPTIO) 

f) 9 section loss coefficients (KOI to K09) 

g) 9 section percent losses (SPLl to SPL9) 

h) A,^#, m, M, P, T, PT, Q, Rjj and VF for each of 10 stations 
(191b, 77b, Ob, 44, 80, 96, 129, 214, 33c and 215b) 

i) If possiblq it would be desirable to have fan RPM, input power 

and stator blade position; flap position; brake and auxiliary 
power . . 
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APPENDIX G 


CIRCUIT PRESSURIZATION 


STUDY OF STRUCTURAL CAPACITY OF 
LANGLEY TRANSONIC DYNAMICS TUNNEL 
(NASA) 

1. One possible method of increasing the dynamic pressure, q, 
of this tunnel is to increase the total pressure of the test medium 
(either Freon-12 or air) above the present maximvtm operating pressure 
of 17.4 psia in the stagnation chamber immediately upstream of the 
nozzle inlet. Consideration is being given to increasing this pres- 
sure in increments up to a maximum as high as four times this value, 
or 69.6 psia. A general review of the effect of these incremental 
increases was made on various timnel components to determine to what 
extent they wo\ild be affected structurally. The study and the con- 
clusions are of a general nature because at this time none of the 
structural details of the tunnel are ]mown. 

The conclusions lead us to recommend limiting the proposed 
operating pressure increase to 125^ of the Present Upper Operating 
Limit (PUOL) because the resulting increase in tunnel performance for 
an operating pressure increase to 200^ of PUOL is below the range ■ 
covered in the request for proposal for this study, and is not worth 
the added cost and increased hazards of operating at those higher 
pressures. 

A proof pressiire test of the tunnel is recommended before 
attempting to operate at higher pressures. , 

For this study, it was assumed that the future operating proce- 
dures will be similar to those currently being used. The txmnel circuit 
was considered to be divided into three zones with the static pressure 
within each zone remaining approximately the same. The zones are shown 
on Figure 1 and are as follows: 
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Zone 1 - from Fan to Test Section Inlet 


Zone 2 - Test Section, including Plenum 
Zone 3 - Downstream of Test Section to Fan 
Approximate static pressures acting on the shell, the valves and 
other components were assiimed for three tunnel operating conditions 
for each of a series of tunnel operating pressures. The three con- 
ditions are: 

a. Tunnel circuit at operating pressure with fan running. 

b. Full tunnel circuit, including test section, at 
operating pressure with fan off. 

c. Test section at atmospheric pressure and isolated 

from remainder of tunnel circuit which is retained 

at operating pressure with fan off. 

The assumed pressures are shown on Table 1. 

2. Typical Present Tunnel Operation : 

Tunnel shell is buttoned up, and pximped to operating pressure 
(either below or above atmospheric). The gas medium is usually Freon 
12 which is heavier than air and is introduced into the bottom of the 
shell while the air is drawn off the top. At this point in time the 
entire shell feels the same pressure. Note that the central area of 
the Fan Drive Nacelle, the Personnel Access to the Nacelle, the 
Control Room, and the Observer' s Dome and access Tube remain at at- 
mospheric pressure at all times. Note also that the Test Section 
Plenum, the volume outside the Test Section and inside the 60 ft diam. 
duct, always feels the same pressure as inside the Test Section be- 
cause it is vented to the test section. 
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The fan is then started, which results in a pressure 
differential throughout the tunnel circuit. A series of static 
pressure profiles should be made up for all proposed operating 
conditions. (The static pressure is the pressure that the walls 
feel, and that is needed to determine the tunnel structural limits) . 

During a test nm it is often necessary to enter the test 
section to make some adjustment on the model. At such a time the 
fan is stopped and the gas pressure inside the tunnel quickly sta- 
bilizes throughout the system. The Butterfly Valve and the Gate 
Valve are both closed then, the Freon-12 is pimaped out, and air is 
introduced into the Test Section and Test Section Plenum 
bringing this chamber to atmospheric pressure. This results in 
either a positive or negative pressure on the Butterfly Valve, the 
Gate Valve, the Nozzle Jnlet fairing upstream of the Gate Valve, 
and the Diffuser Inlet immediately downstream of the Butterfly Valve, 
depending on the stabilized gas pressure inside the remainder of 
the Tunnel Circ\ilt. After the adjustment on the -Model. has been made, 
the tunnel is readied for additional testing by reversing the pro- 
cedures described in this paragraph. 

It is ass^Imed that there would never be a time when the 
Butterfly and Gate valves would be closed and Freon would be retained 
in the Test Section and Test Section Plenum while Freon would be re- 
moEd and air added to the rest of the circuit. 

3. Effect of Increased Pressure on Specific Components of 

Pressure Shell 

a. Zone 1, from approximately 50 feet downstream of Fan 
to Test Section Inlet. This portion of the tunnel shell is part of 
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the original tiumel shell that was designed for a pressure of 
atmospheres absolute or +22.0 psig internal pressure. When the 
TDT was rebuilt in the late 1950 's to operate as a vacuiam tunnel 
down to a pressure of 0.2 psia or -14.5 psig external pressure, addi- 
tional ribs were added between the existing ribs on the shell, a new 
elliptical girder with turning vanes and a two-row vertical cooler 
were provided at the southeast comer, and the elliptical girder at 
the southwest comer was reinforced and had a vertical air-foil-shaped 
strut added to the inside comer. The reason for adding this strut 
is not readily apparent. 

(1) Pressure Shell and Southwest Comer Girder, 

W2, W^, and part of W^: 

The shell in this zone and the elliptical girder 
in the southwest comer are almost certainly suitable for 150^ PTJOL 
without additional reinforcement being added, and are probably suit- 
able for 200^ of PUOL. However, suitability of these elements in each 
of these cases is dependent on the details of the stiffening ribs or 
tees that were added to the shell, and the reinforcement that was 
added to the elliptical girder. It is possible, though unlikely, 
that these details would make the tunnel in this zone less suitable 
than for the original +22.0 psig design pressure, and these details 
would have to be reviewed during final design. Consideration would 
also have to be given to the stress reversals that would occur under 
some test conditions with these higher operating pressures. These 
elements are unlikely to be found suitable for pressures of 300^ or 
more of PUOL without some additional strengthening which would be 
impractical, if not impossible. 
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(2) Southeast Comer Girder; Since a new elliptical 


girder was provided in the southeast comer when the tunnel was 
modified, it is safe to assume that this girder has never been sub- 
jected to internal operating pressures much above 3.0 psig, although 
it is known to have been frequently subjected to external pressures 
of -14.5 psig. Its ability to withstand 150^ or 200^ of PUOL is 
dependent on its details. The design and details of this girder 
will have to be carefully scrutinized during final design to deter- 
mine what kind of reinforcement, if any, would be required to make 
it suitable for these greater internal pressures. It may even be 
necessary to replace this girder to attain 150^ or 200^ of PUOL 
although this is unlikely. At any rate, it is unlikely that this 
girder will be found to be suitable for pressures of 300 ^ or more 
of PUOL without some additional strengthening which would be im- 
practical if not impossible. 

b. Zone 2. Test Section including Plenum 

This portion of the tunnel outer pressure shell is 
part of the original tunnel shell .that was designed for an operating 
pressure in the stagnation chamber upstream of the nozzle entrance 
of +22.0 psig. Presumably the test section plenum held pressures of 
about +22.0 psig when the original tunnel was buttoned up and 
pressurized with the test section isolation valves open and the fan 
off. And, presiamably it was subjected to the same test pressure as 
the ducting upstream of the test section before the tunnel was placed 
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in operation. When the TDT was modified to operate as a vacuum 
tunnel, the four stiffening girders were reinforced and additional 
ribs were added between the existing ribs on the shell. At that 
time the air stream shell (consisting of the nozzle, the test sec- 
tion, and the diffuser inlet) , the control room, the personnel 
access to the test section, and the observation dome and its access 
tube were added, and the personnel and the model access openings may- 
have been modified. 

(1) External Pressure Shell. W4 : The external shell 

in this zone is almost certainly suitable for 150^ of PUOL without 
any additional reinforcement being added, and is probably suitable 
for 200 % of PUOL without additional reinforcement, since the design 
pressure for 200^ of PUOL is about equal to the original design 
pressure (which has been ass-umed without the benefit of the or:^nal 
design criteria) . However, suitability of this pressure shell is 
dependent on the details of the stiffening ribs or tees that were 
added to the shell and the reinforcement that was added to the four 
main stiffening girders. It is possible, though unlikely, that these 
details would make this shell less suitable than for the original 
design pressure, and these details would have to be reviewed during 
final design. Consideration has to be given also to the stress re- 
versals that will result from the increased operating pressures. 

This shell is unlikely to be found suitable for pressures of 300^ 
or more of PUOL without some additional strengthening -which would 
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be impractical if not impossible. This is especially true of the 
reinforcement details for the personnel and model access openings. 

The details of these doors, and the reinforcement of the openings 
in the shell will require close scrutiny to satisfy oneself that 
they are suitable even for 150^^ or 200 % of PUOL. 

(2) Nozzle Inlet Fairing, W^; Under present operat- 
ing proceedures, this fairing is subjected at times to an external 
pressure of -14.5 psig and at other times to an internal pressure of 
approximately +8.7 psig. This fairing is probably suitable for 150^ 
of PUOL without any additional reinforcement. It may be suitable 
for 200^ of PUOL without any additional reinforcement, although under 
these pressures the stress reversals would be 100 %, and co\ild occur 
several times for some test runs under normal operating procedures. 
The details of this fairing would have to be carefully reviewed 
during final design to determine if it is indeed suitable for either 
150^ or 200^ of PUOL. At 200^ or more of PUOL, the design considera- 
tion for the internal pressure on this fairing would be the pneu- 
matic pressure proof test that would be required. It is very xin- 
likely that this fairing will be found to be suitable for 300^ 

or more of PUOL without additional streigthening that would be im- 
practical if not impossible. 

(3) Test Section Airstream Shell between Test 

Section Isolation Valves, Wy: This fairing, 

being vented to the test section plenum, senses very little pressure 

differential under the present operating conditions, and this would 




be true under anticipated future operating conditions. This fairing 
is suitable, vri.thout additional strengthening, for pressures up to 
400^ of PUOL. 

(4) Gate Valve (Test Section Isolation Valve), 

This valve was added when the tunnel was rebuilt. Under present 
operating conditions it is subjected to pressure differentials, when 
closed, that vary from about 0 to 14.5 psig with the pressure always 
acting in a southward direction. This valve may be suitable for 
150^ of PUOL, although for this condition the direction of pressure 
would be reversed and the differential would be about 6.9 psig. This 
valve may even be suitable for 200^ of PUOL, although for this 
condition the direction of pressure would also be reversed and the 
differential would be Increased to about 15.1 psig. Whether or not 
it would be suitable for either 150^ or 200^ of PUOL depends on the 
details of the valve itself, including its seat and its mounting 
details, all of which would have to be carefully reviewed during 
final design. Also, consideration would have to be given to the 
resulting stress reversals. It is almost certain that this valve 
would not be suitable for 300^ or more of PUOL and a new valve would 
be required for this condition. 

(5) Butterfly valve (Test Section Isolation Valve), Wg: 
This valve was added when the tunnel was rebuilt. Underpresent operat- 
ing conditions it is subjected to pressure differentials, when closed, 
Hat vary from about 0 to 14.5 psig with the pressure always acting 

in a northward direction. This valve is almost certain to be suitable 
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for 150^ of PUOL, although for this condition the direction of 
pressure would he reversed and the differential would he about 
6.9 psig. This valve is prohahly suitable for 200^ of PUOL, 
althoiigh for this condition the direction of pressure would also 
he reversed and the differential would he increased to about 15.1 
psig. Whether or not it would he suitable for either 150^ or 200^ 
of PUOL depends on the details of the valve itself and its mounting 
details, all of which would have to he carefully reviewed during 
final design along with the resulting stress reversals. It is al- 
most certain that this valve would not he suitable for 300 ^ or more 
of PUOL and a new valve would he required for this condition. 

(6) Diffuser Inlet between Butterfly Valve and 
Downstream end of Test Section Plenum, Wpo: This part of the shell 

is new ducting that was added when the TDT was rebuilt. Under pre- 
sent operating conditions, the pressure on this shell varies from 
14.5 psig external pressure to approximately 5.8 psig internal 
pressure. Without additional reinforcement, this shell will almost 
certainly he suitable for 150^ of PUOL and will probably be suitable 
for 200^ of PUOL at which condition the internal pressure on this 
shell would increase to about 15.1 psig. Its suitability will de- 
pend on the welding details that were used on this shell. If full 
penetration butt welds were used in the longitudinal seams, and pre- 
ferably in the circumferential seams also, it will be suitable for 
200^ of PUOL. At 150^ or more of PUOL, the design consideration for 
the internal pressure on this ducting will be the pneumatic pressure 




proof test that would be required. These welding details will have 
to be reviewed during final design, along with the stress reversals. 
This shell may even be suitable for the 300^ and 400^ of PUOL condi- 
tion, although it is unlikely that it will be suitable for these 
pressures. 

(7) Observation Dome and Access Tube, Wga: These 

are new items that were added when the TDT was rebuilt. Under pre- 
sent operating conditions, this dome and access tube are subjected 
to an internal pressure varying from about 0.2 to 14.6 psig. 

At 150^ of PUOL they would be 

subjected to an external pressure of about 6.9 psig and at 200^ of 
PUOL an external pressure of about 15.1 psig. It is possible that 
either or both the steel shell and the glass window may not be suit- 
able for these new pressures. In that case it would be preferable 
to remove the observation dome and the access tube rather than to 
attempt to reinforce these items. Since this dome is practically 
never used, it would be preferable to remove it even if it did not 
require strengthening because its removal would contribute an im- 
provement to the stream flow. This is another detail that would 
have to be reviewed during final design. At 150^ or more of PUOL, 
the design consideration for the external pressure on this dome and 
tube will be the pneumatic pressure proof test that would be required. 
It is -unlikely that these items will be satisfactory for 300^ or 
more of PUOL. 




( 8 ) Control Room, W,^: Under present operating con- 

ditions this chamber is subjected to an internal pressure varying 
from about 0.2 to 14.6 psig. At 150^ of PUOI, it would be subjected 
to an external pressure of about 6.9 psig, and at 200^ of PUOL an 

external pressure of about 15.1 psig. 

(a) Pressure Shell of 

Control Room: At 150^ of PUOL, the shell 

may not require additional stiffening, although it is very probable 
that it will require the addition of external ribs, and it will be 
subjected to several stress reversals on some test runs. At 200^ 
of PUOL the shell will almost certainly require the addition of ex- 
ternal ribs and it will be subjected to several stress reversals of 
about 100^ on some test runs. At 150^ or more of PUOL the design 
consideration on the Control Room will be the pneumatic pressure 
proof test that would be required. For 300^ or more of PUOL it will 
probably not be practical to strengthen this . chamber and a new 
chamber may be required. A careful review of the details of the 
Control Room will have to be made during final design. To cancel 
the need for strengthening this pressure shell as well as some of 
the other components discussed in paragraphs (b), (c), (d), (e), 
and (f) below, consideration could be given to pressurizing the 
Control Room. This would be an undesirable solution as far as 
operating personnel are concerned and would place undesirable 
operating constraints on the tunnel. 
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(b) Observation Windows; The window details 
may require modification to be suitable for either 150^ or 200^ 
of PUOL. They will require a careful review during final design. 
At 150^ or more of PUOL the proof test may control the design of 
these details. New details will almost certainly be required for 
300^or more of PUOL. There will be stress reversals in the glass 
of about 50 % for the 150 % of PUOL and of 100^ for the 200 % of PUOL 
conditions. 


(c) Personnel Access to Control Room; At 
150^ of PUOL the reinforcement of the Control Room shell for the 
Personnel access opening will probably not require strengthening 
although it will be subjected to several partial stress reversals 

on some test 37uns. At 200^ of PUOL it may not require strengthening 
although it will be subjected to several stress reversals of about 
100^ on some test nans. Again, the effect of the proof test will 
have to be considered. For 300^ or more of PUOL it will probably 
not be practical to strengthen this opening in the Control Room 
shell. This will have to be reviewed in detail during final design. 

(d) Net Thrust on Control Room; Under present 
operating conditions the net thrust acting on the Control Room is a 
force that varies from 0 to about 60 kips and tends to separate the 
control room from the Test Section Plenum Shell. At 150^ of PUOL 
the net thrust will be reversed ' and will be reduced to about 28 kips 
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which will in no way harm the joint and will probably not have an 
adverse effect on the access tunnel that it connects to. At 200% 
of PUOL the net thrust will be reversed from its present direction 
and will be equal to about 6lK which will in no way harm the joint 
but may have an adverse effect on the access tunnel. This problem 
will have to be studied during final design and the effect of the 
proof test will have to be considered. At 300% or more of PUOL, 
the thrust will increase considerably and probably will have an ad- 
verse effect on the access tunnel requiring some strengthening of 
the access tunnel. 

(e) Personnel Access Door to Test Section: 

This door is currently subjected to external pressures tending to 
close it varying from about 0.2 to 14.5 psig. For 150% of PUOL 
it would be subjected to internal or opening pressures of about 
6.9 psig and for 200% of PUOL to internal pressures of about 15.1 
psig. These pressures will cause stress reversals up to 100% 
under some operating conditions. For each of these conditions, 
the door itself may be suitable, but the door attachments will 
have to be reviewed and will probably have to be revised. At 150% 
or more of PUOL the design consideration for the opening pressure 
on this door will be the pneumatic pressure proof test. A new door 
would probably be required for 300% or more of PUOL. 

(f) Access Tunnel to Test Section through 

Test Section Plenum: That part of the Access Tunnel between the 

airstream surface and the pressure-tight door is not subjected to 





any appreciable pressure differential and would be suitable for any 
t'unnel operating pressure increase up to 400^ of PUOL. That part 
of the Access Tunnel between the pressure-tight door and the test 
section plenum shell is currently subjected to an internal pressure 
of about 14.6 psig. For 150^ of PUOL, it would be subjected to an 
exteinal pressure of about 6.9 psig and would probably not require 
strengthening although it will be subjected to several partial stress 
reversals on some test runs. At 200^ of PUOL it may not require 
strengthening, although it probably will, since it would be sub- 
jected to several stress reversals of about 100^ on some test runs. 

At 150^ or more of PUOL one design consideration for the external 
pressure on this access Tunnel will be the pneumatic pressure proof 
test. It is unlikely that this access tunnel will be suitable for 
300^ or more of PUOL. 

c. Zone 3, from Test Section Exit to Upstream End of 

Northwest Comer Girder. 

This portion of the tunnel is part of the original 
timnel shell that was designed for an internal operating pressure 
in the stagnation chamber upstream of the nozzle entrance of +22.0 
psig. Presumably this part of the ducting was subjected to pressures 
of about 22.0 psig when the original tunnel was buttoned up and 
pressurized with the test section isolation valves open and the fan 
off. When the TDT was modified to operated as a vacuum tunnel, 
additional ribs were added between the existing ribs on the shell. 


This ducting is almost certainly suitable for 150^ of PUOL without 
any additional reinforcement being added, and is probably suitable 
for 200^ of PUOL without any additional reinforcement, since the 
design pressure for 200^ of PUOL is about equal to the original de- 
sign pressure. However, suitability of this pressure shell is de- 
pendent on the details of the stiffening ribs or tees that were 
added to this shell when the TDT was modified. These details would 
have to be reviewed during final design and consideration would have 
to be given to the resulting stress reversals in the shell. This 
shell is unlikely to be found suitable for pressures of 300 ^ or more 
of PUOL without some additional strengthening which would be im- 
practical if not impossible. 

d. Zone 3, from Upstream end of Northwest Comer Girder 
to Fan, and and Zone 1, from Fan to approxi- 

mately 50 feet downstream of Fan, part of W^. 

None of this ducting is part of the original tunnel. 
All of it is new and was added when the TDT was rebuilt. For 150^ 
or more of PUOL with the fan operating, the Zone 3 ducting will be 
subjected to lower internal pressures than the Zone 1 ducting; but 
both zones will have to be proof tested at the same internal pressure. 
It is the pressure test, therefore, that will control the design of 
the Zone 3 ducting. Because this new ducting, including theEllipti- 
cal Comer Girders, was provided when the tunnel was rebuilt, it is 
safe to assume that it has never been suggested to internal operating 
pressures much above 3.0 psig, although it has been known to be fre- 
quently subjected to external pressures of -14.5 psig. 





(1) Elliptical Comer Girders: The ability of these 

girders to withstand 150^ or 200^ of PUOL, the resulting stress 
reversals, and the associated pressure test is dependent on their 
details. The design and details of these girders will have to be 
carefully reviewed during final design to determine what kind of 
reinforcement, if any, would be required to make them suitable for 
the increased internal pressures. It may even be necessary to re- 
place these girders to attain 150^ or 200^ of PUOL, althoiJigh this 

is unlikely. However, it is veiy unlikely that these girders will 
be foxind to be suitable for pressures of 300 % or more of PUOL 
without some additional strengthening which would be impractical if 
not Impossible. 

(2) Pressure Shell: This shell without additional 

reinforcement will almost certainly be suitable for 150^ of PUOL 
and will probably be suitable for 200^ of PUOL. Its suitability 
will depend on the welding details that were used on this shell. 

If full penetration butt welds were used in the longitudinal seams 
in the shell, in the web and flange seams in the stiffening rings, 
and preferably in the circumferential seams in the shell, it will be 
suitable for 200^ of PUOL. These welding details will have to be 
reviewed during final design, and consideration will have to be given 
to the stress reversals. It is unlikely that these shells will be 
suitable for 300 % or more of PUOL. 




(3) Hinged Expansion Joint: The expansion elements 

and the rotation pins are certainly suitable for 150/? and 2Q0% of 
PUOL, The struts or ties are certainly suitable for 150^ and 200^ 
of PUOL between the pins. The tension area of these struts in the 
pin area as well as behind the pin will have to be reviewed during 
final design and consideration will have to be given to the stress 
reversals in all of the components. It is almost certain to be 
found suitable for 150^ of PUOL but may require some reinforcement 
for 200^ of PUOL. It is unlikely that any of the elements of this 
hinged joint would be suitable for 300^ or more of PUOL. 

e. Fan Drive Nacelle and Personnel Access to Nacelle 
The fan drive, its nacelle, and the personnel access 
to the nacelle are lot part of the original tunnel but were added 
when the tunnel was rebuilt. The leading and trailing parts of the 
nacelle are vented to the tunnel atmosphere and consequently are not 
subjected to any appreciable pressure differential. The central 
chamber of the nacelle and the faired personnel access through the 
bottom of the tunnel shell to the nacelle are both at atmospheric 
pressure at all times with the present operating procedures, and 
presumably this method of operating would be retained under higher 
operating pressures. These components under current operating pro- 
cedures are subjected to pressures varying from about 14.5 psig 
internal to about 3 pslg external. At 150^ of PUOL the external 
pressure would increase to about 11.3 psig, and at 200^ of PUOL 
to about 20.1 psig. It is probable that internal ribs would have 




to be added to both of these components for a pressure of 150^ of 
PUOL, and it is almost certain that internal ribs would have to be 
added for 200% of PUOL. At this pressure, stress reversals in the 
shell and ribs would be about 100%. Since adding external ribs is 
not possible because of the tunnel air flow and adding internal ribs 
may be extremely difficult, consideration could be given to providing 
a pressure-tight opening to atmosphere and pressurizing these com- 
ponents. Such a scheme would require either remote monitoring of the 
drive or having personnel working in a pressurized atmosphere under 
some test conditions. Each of these proposals has its own set of prob- 
lems that would tend to hamper test programs. For pressures of 300^ 
or more of PUOL it is imlikely that these shells could be reinforced 
sufficiently to be suitable unless they were pressurized as dis- 
cussed above, and it is probable that new .shells would be required. 

f. Stress Reversals in Pressure Shell and Structural 

Components 

For pressures up to 150^ of PUOL stress reversals 
are not likely to be a problem. For 200%o of PUOL the stress re- 
versals in some areas would be approximately 100^, and the stress 
levels would have to be carefully reviewed during final design to 
determine whether or not the stress reversals could be tolerated. 

The stress levels and reversals for 300^ or more of PUOL would al- 
most certainly prove to be intolerable. 

g. Miscellaneous Items 

(1) Access Port Covers 

The tension in the bolts for access covers and 
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the covers themselves are almost certainly suitable for pressures 
up to 200^ of PUOL. The tension in the bolts is probably suitable 
for pressures up to 400^ PUOL although the covers themselves may 
have to be replaced with stronger ones. 

(2) Lighting Porthole Covers 

The details of these covers are probably suitable 
for pressures up to 200^ of PUOL, but may have to be replaced for 
300^ or more of PUOL. 

(3) Bypass Lines and Quick Opening Valves between 

Zone 1 and Zone 2 

The bypass ducting is part of the original tunnel 
and is subjected to the same pressure differentials as the Zone 1 
ducting. It is almost certain to be suitable for 150^ and 200 % of 
PUOL. It is probably not suitable for 300^ or more of PUOL. The 
four quick opening valves under present operating conditions are 
subjected to varying pressures up to 14.5 psig acting east and approxi- 
mately 8.9 psig acting west. For 200^ of PUOL the maximum westward 
pressure would increase to about 15.1 psig. The resulting 100^ 
stress reversals would probably be tolerable. These valves would 
probably be suitable for 150^ and 200^ of PUOL, but would probably 
not be suitable for 300^ or more of PUOL, 
h. Proof Pressure Test 

In view of the past history of this tunnel, the 
fact that it was originally built in 193V for internal gage pressures, 
and was extensively modified for use as a vacuum tiinnel (its present 
use) between 1955 and 1960, it should be subjected to an internal 




pressure proof test of 150^ of its maximum anticipated future 
operating pressure before any increased operating pressure is 
permitted whether or not any additional reinforcement is added. 

This proof test would have to he pneumatic since a water test is 
not possible. 

(1) Proof Test Procedure : 

(a) Button up tunnel and open both test section 
isolation valves. Pump tunnel down to 0.2 psia (14.5 psig external). 

This will test the shell of the full circuit for the maximum external 
operating pressure. 

(b) ■ Then close the four 36 -in. b^ass valves and both 
test section isolation valves, and vent the test section to atmosphere. 
This will test these six valves, the nozzle inlet fairing (W 5 ), and 

the diffuser inlet (Wj_q) for the maximum external pressure differ- 
ential on these components. 

(c) With all six valves remaining closed and 
test section remaining vented to atmosphere, vent remainder of 
tunnel circuit to atmosphere; and then, using air, pump tunnel 
circuit (but not test section) up to an internal pressure of p (see 
table below for magnitude of p) . This will test the six valves, 
the nozzle inlet fairing (W 5 ), and the diffuser inlet (W^q) for 
150^ of the maximum internal operating pressure differential on 
these components. 




(d) Finally, vent the timnel circuit to atmos- 
phere and open both test section isolation valves. Then, using air, 
pump the entire tunnel circuit including the test section plenum up 
to an internal pressure of P2 (see table below for magnitude of P2). 
This will test the pressure shell of the entire tunnel circuit to 
150^ of the maximum operating pressure in the stagnation chamber 
upstream of the nozzle inlet. 

(2) Table of Test Pressures for Increments of PUOL: 

% of PUOL Internal Test Pressure, nsig 


PI P2 

125f« 5.3 10.7 
150$g 10.4 17.0 
200^ 22.7 30.2 
3 OO /0 43.2 56.3 
400 ^ 65.0 82.4 


4 . Summary of Effect on Tunnel Circuit for Several Increments 
of Total Operating Pressure Increases : 

a. Onerating Pressure Increased to 125^ of PUOL . 

( 1 ) These components will not require any additional 
reinforcement for this pressure; Test Section airstream shell. Butter- 
fly Valve, Diffuser Inlet, Hinged Expansion Joint, Access Port Covers, 
Lighting Port Covers, and four Bypass Ducts and Quick-Opening Valves. 

( 2 ) These components will probably be satisfactory 
without any additional reinforcement; pressure shell in Zone 1, the S.E., 
S.W. , N.E. and N.W. comer Girders, Test Section Plenum shell. Nozzle 
Inlet fairing. Gate Valve, Test Section Observation Windows, Personnel 
Access Tunnel to Test Section, and pressure shell in Zone 3. 
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(3) These components may require some additional rein- 
forcement; Control Room shell, reinforcement of opening in Control 
Room shell for personnel access, door attachment details for Personnel 
Access to Test Section, Fan Drive Nacelle,. and Personnel Access 
Passage to Nacelle. 

( 4 ) The Observation Dome and Access Tube should be 


removed . 

( 5 ) The stress reversals that will occur in the pres- 
sure shell and structural components will almost certainly be 
acceptable because of the relatively low stress levels for most 
of the reversals. 

b. Onerating Pressure Increased to 150^ of PUOL . 

( 1 ) These components will not require any additional 
reinforcement for this pressure; Test section airstream shell, butter- 
fly valve, diffuser inlet, hinged expansion joint, access port covers, 
lighting port covers, and four bypass ducts and quick-opening valves. 

( 2 ) These components will probably be satisfactory 
without any additional reinforcement; pressure shell in Zone 1, south- 
west comer girder, test section plenum shell, nozzle inlet fairing, 
gate valve, test section observation windows, personnel access 
tunnel to test section, and pressure shell in Zone 3. 


(3) These components may require additional rein- 
forcement or replacement; the southeast, northwest, and northeast 
comer girders. 

(4) These components will probably require some 
additional reinforcement; control room shell, reinforcement of 
opening in Control Room shell for personnel access, door attachment 
details for personnel access to test section, fan drive nacelle, 
and personnel access passage to nacelle. 

(5) The Observation Dome and Access Tube should be 


removed . 

(6) The stress reversals that will occur in the 
pressure shell and structural components will probably be acceptable 
because of the relatively low stress levels for most of the reversals, 
e. Operating Pressure Increased to 200^ of FROL . 

(1) These components will not require any additional 
reinforcement for this pressure; Test Section airstream shell. 

Access Port Covers and Lighting Port Covers. 

(2) These components will probably be satisfactory 
without any additional reinforcement; pressure shell in Zone 1, South- 
west Comer Girder, Test Section Plenum shell. Butterfly Valve, 
Diffuser Inlet, pressure shell in Zone 3, and four By-pass Ducts 

and Quick-Opening Valves. 

(3) These components may be suitable without any 
additional reinforcement; Gate Valve and Test Section Observation 
Windows . 
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(4) These components may require additional rein- 
forcement; Personnel access Tunnel to Test Section, and S.E., N.W. 
and N.E. Comer Girders (these Comer Girders may have to be re- 
placed if reinforcement is required but proves to be impractical) . 

(5) These components will probably require some 
additional reinforcement; Nozzle Inlet fairing, door attachment de- 
tails for personnel access to Test Section, and the net area through 
and behind the pins of the Hinged Expansion Joint. 

(6) These components will require additional rein- 
forcement; Control Room shell, reinforcement of opening in Control 
Room shell for personnel access, Fan Drive Nacelle, and Personnel 
Access Passage to Nacelle. 

(7) The Observation Dome and Access Tube should be 

removed. 


(8) The stress reversals that will occur in the 


pressure shell and structural components are significant and will 


require a careful review during final design to determine if the 


stress levels and reversals can be tolerated. 

d. Operating Pressure Increased to 300^ of PUOL. 


(1) The Test Section airstream shell would not re- 
quire additional reinforcement. The access Port covers only and 
Lighting Port covers only would probably not require strengthening. 

(2) It is very unlikely that many, if any, of the 


following items would be suitable for this pressure without extensive 




reinforcement which would he impractical, if not impossible, in many 
cases; pressure shell in Zone 1, all four Comer Girders, Test Sec- 
tion Plenum shell. Nozzle Inlet Fairing, Gate Valve, Butterfly Valve, 
Diffuser Inlet, Observation Dome and Access Tube, Control Room shell. 
Test Section Observation Windows, Personnel Access Door and Tunnel to 
Test Section, pressure shell in Zone 3, Hinged Expansion Joint, Fan 
Drive Nacelle, Personnel Access Passage to Nacelle, and four By- 
pass Ducts and Qiilck-Opening Valves. 

5. Conclusions ; 

a. No further consideration will be given to increasing 

the structural capability of the tunnel to 300^ or more of PUOL be- 
cause the consideration given to this possibility to date indicates 
that it is impractical from a structural standpoint. Also, an exam- 
ination of Figure 5, COMPARISON OF POSSIBLE MODIFICATIONS TO TDT, 
indicates that even if the main power of the tunnel could be in- 
creased from 20,000 HP to 50,000 HP (or through some combination of 
main power increase, circiilt loss decrease, and auxiliary compressor 
system addition the same thing could be accomplished) , the only thing 
that it would buy over a structural capability of 200 % of PUOL would 
be an increase in tunnel performance below 0,68 Mach. No., which is 
below the range considered in the request for proposal for this 
study. The tiinnel performance improvement for main power Increases 
to 40,000 HP or 30,000 HP would be in an even lower range. 




b. The stress reversals and the magnitude of the stress 

levels will be within acceptable limits for 125^ of PUOL and will 
probably be within acceptable limits for 150^ of PUOL; 

but they may not be within acceptable limits for 200^ of PUOL. This 
will have to be determined during final design. 

c. For 150^ of PUOL the reinforcement that would be re- 
quired on the components itemized in paragraphs E. a. 4. and 5. could 
be accomplished in about four months of tunnel shut-down time. If 
the S.E. N.W. and N.E. Comer Girders also have to be reinforced (but 
not replaced), the shut-down time would increase to six months. It 
is assumed that all components would be worked on simultaneously, 

and that tunnel shut-down would not commence until after all materials 
were on hand and all preliminary work had been completed. Also, 
this shut-down time is only for the components discussed in this 
paragraph. The cost of this work should not be prohibitive. 

d. If the stress reversals and levels for 200^ of PUOL 
are within acceptable limits, the reinforcement that would be re- 
quired on the components itemized in paragraphs E.b.5., 6., and 7. 
could be accomplished in about four months of tunnel shut-down time. 

If the S.E., N.W. , and N.E. Comer Girders also have to be rein- 
forced (but not replaced) the shut-down time could be limited to 
six months. The costs for this work should not be prohibitive. If 
these three Comer Girders would have to be replaced for 200^ of 
PUOL, but would only have to be reinforced for 150^ of PUOL (or 
perhaps were even okay as is), the resulting increase in tixnnel 




performance would not be worth the added cost and tunnel shut-down 
time because the resulting increase in tunnel performance is all 
toward the low range. Even if the main power (or through some 
combination, etc.) could be increased to 40,000 HP, the improve- 
ment in tunnel performance of a tunnel shell with 200^ of PUOL 
over one with 150^ of PUOL is only below 0.76 Mach. No., which is 
below the range discussed in the request for proposal. 
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